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ABSTRACT 


The great majority Moine lineations are mica structures, and 
together with parallel preferred orientation epidote [010]-axes, 
are directed mainly into the south-east quadrant. This orientation 
retained within the crush zone alongside the Moine Thrust. The 
regional preferred orientation muscovite [100]-axes and 
axes consistent with north-east and south-west movements except 
within the crush zone where fabric reorientation suggests move- 
ments normal this direction. The growth albite textures and 
fabric intimately associated with thrust plane movements, the 
preferred orientation albite suggesting south-east and north- 
west vertical plane deformation. 


INTRODUCTION 


Analyses epidote-, mica-, and albite-bearing schists were made 
over area extending from Loch Garve and Loch Chroisg the 
north coast the North-West Highlands Scotland. The study 
chiefly concerned with establishing fabric which remains consistent 
over greater part the region, and contrasting this with fabric 
modifications that occur within the belt crushed rocks against the 
Moine Thrust plane. Examples which are typical the whole have 
been selected for detailed description, and the general mass evidence 
presented the form composite diagrams. 


FABRIC EPIDOTE 


Fabric analysis was performed upon eleven epidote-bearing schists, 
and the preferred orientation compared with that quartz, mica, and 
hornblende, and attempt made establish regional pattern 
far the few analyses allow. Three species the epidote group were 
identified within the Moine rocks zoisite, clinozoisite, and epidote 
(pistacite), this study being concerned with the latter. 

Moine psammitic schists epidote generally granular and 
immeasurable, but some sufficiently coarse size allow measure- 
ment indicatrix axes. Regarding the optic-crystallographic relations 
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epidote, the [010]-axis parallels the indicatrix axis, and the 
[001 sufficiently close considered coincident for all 
practical purposes. Further, the {100}-pole more less coincident 
with the indicatrix axis. The preferred orientation such 
and poles has consequently been analysed most cases. two the 
specimens considered the epidote basal cleavage well developed, 
and this intersects the optic axial plane along the [100]-axis hence 
allowing complete fabric analysis all crystallographic axes and 
planes. 

(a) Complete results from one such specimen 
collected south-east Loch Meadie can used illustrate the general 
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epidote [010]-axes. 


2.—Continuous contours epidote [100]-axes. Broken contours 
epidote {001 }-poles. 


preferred orientation. The distribution within marked 
concentration parallel the lineation and partial girdle parallel 
the foliation (Text-fig. 1), has been previously described Sander 
(1930), and Ladurner (1951), and appears standard feature 
epidote fabrics. The remaining crystallographic axes are distributed 
within partial girdles normal the lineation for example [001 
(Text-fig. 1). There are two sub-maxima situated small angles one 
either side the normal the foliation, one which dominant. 
Ninety-eight the 200 epidote grains measured possessed visible 
basal cleavages. Because the section measurement and girdles 
and indicatrix axes all lie normal the lineation basal cleavages 
have been missed due their possessing immeasurable orientation. 
Thus despite the relatively low number measured cleavages text- 
fig. shows reasonably accurate representation their preferred 
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TEXT-FIG. contours: hornblende [010]-axes. Broken 
contours hornblende [001 


TEXT-FIG. 4.—Biotite 


orientation. The presence basal cleavages allows the determination 
preferred orientation epidote [100]-axes normal the line- 
ation (Text-fig. 2). 

The analysis additional epidote-bearing schist collected between 
Ullapool and Braemore was conducted the same manner; for 
example [010]-axes (Text-fig. 5). Although the distribution basal 


5.—Continuous contours epidote [100]-axes. Broken contours 
epidote 


6.—Continuous contours quartz Broken contours 
muscovite [001 
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cleavage planes remains dominantly parallel the foliation, slight 
departure from the previous example indicated the development 
sub-maximum normal the foliation plane 
(Text-fig. 5). The homogeneity the complete fabric was demon- 
strated measurements from two sections right angles. 

(b) Fabric the relations this epidote fabric 
with other minerals, the basal cleavage epidote tends parallel 
that biotite (compare Text-fig. with Text-fig. 4), and muscovite, 
(compare Text-fig. interpolation with Text-fig. 6), the partial 
complete girdles cleavage plane poles all lying normal the line- 
ation. The similarity between epidote and muscovite fabrics particu- 
larly strong since there typically additional preferred orientation 


7.—Composite diagram epidote outside crush zone. 
8.—Composite diagram epidote {100}-poles outside crush zone- 


[100]-axes both minerals normal the lineation (see later). 
Due the more highly developed monoclinic symmetry epidote 
the preferred orientation slightly offset from that 
mica [001]-axes normal the foliation (compare Text-fig. with 
text-fig. 4). Text-fig. allows comparison the epidote fabric with 
the distribution quartz [0001]-axes within crossed girdles, the 
lineation representing the obtuse bisectrix the two girdles, fabric 
frequently analysed within the Moine. 

Text-fig. illustrates the preferred orientation hornblende [010} 
axes (obtuse bisectrix the two {110}-cleavage poles) within two 
sub-maxima situated small angles one either side the foliation and 
approximately coincident with the preferred orientation epidote 
and hornblende intersection) 
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parallel the lineation and epidote [010]-axes. These relations 
between epidote, quartz, mica, and hornblende are similar those 
derived Ladurner (1951). 

(c) Composite Diagrams.—Additional analyses were far less exact- 
ing, only 100 grains being considered with each specimen, and only 
and being measured. The composite diagrams, 
(Text-figs. and 8), combining all measurements from epidote analyses 
outside the crush zone show preferred orientation these axes 
suggesting that the fabric details accurately defined the complete 
analyses might extend throughout the Moine. The composite diagram 
(Text-fig. combines all measurements from epidote analyses near 


9.—Composite diagram. contours: epidote {100}- 
poles. Broken contours: epidote Near and within 
crush zone. 


10.—Composite diagram. Continuous contours: muscovite 
Foliation contours muscovite [010]-axes. 


and within the crush zone. Compared with Text-fig. the 100}-poles 
Text-fig. show considerably lower state preferred orientation. 
The preferred orientation [010]-axes parallel the lineation 
consistently high throughout the Moine, and although somewhat 
state (Text-fig. 9), still remains the dominant fabric element 
within the crush zone. 


Abundant analyses mica [001]-axes (more less coincident 
with were made throughout the region, and the results 
are entirely consistent with those obtained Phillips, and consequently 
need little reiteration. Briefly, Sometimes they are sharply defined 
pole diagrams but every transition from this complete girdle 
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has been found (1937), with, The biotite tending the whole 
form better girdles than the muscovite (1945). The parallel girdles 
biotite and muscovite [001]-axes always lie normal the lineation, 
The homogeneity sample the analysed specimens was checked 
measurements from sections parallel well normal the 
lineation, and many the remaining cases the fabric homogeneity 
could estimated visually. 


LINEATION 


The parallelism most mica plates with the foliation constitutes 
the most important means definition this plane and some cases 
the only means. Similarly the great majority lineations within the 
region under consideration are solely mica structures. only rarely 
that elongation other minerals such quartz, albite, epidote, and 
hornblende give rise lineation, whereas fine lineation due the 
parallel alignment elongated mica flakes very common. many 
other cases, although present, this lineation partially obscured 
one resulting from the girdle distribution The inter- 
section those cleavage plates not parallel the foliation with that 
plane results lineation which becomes more prominent the 
girdle more fully developed. Finally, mica rich layers are sometimes 
ruckled into microfolds possessing parallel fold axes thus giving rise 
very coarse All these linear structures lie normal the 

Plots the geographical orientation lineations constructed 
Phillips (1937) and during this study indicate strong tendency for 
lineations directed into the south-east quadrant. This implies 
that mica girdles possess reasonably constant geographical orien- 
tation, implication supported composite diagrams constructed 
Phillips (1945). Most mica becomes immeasurable within the crush 
zone, but the lineation retains the same degree prominence and 
preferred orientation the south-east quadrant that exhibited 
outside the crush zone. previously described epidote remains 
measurable within the crush zone, and although the state preferred 
orientation generally reduced compared with that the remaining 
Moine mass the east, the preferred orientation [010]-axes con- 
tinues parallel the lineation. Many lineations within the crush zone 
can therefore regarded Moine structures that movements near 
the thrust plane have not removed. 


Fasric Mica [100]-AxEs AND 


Measurement muscovite and indicatrix axes yields the 
orientation the and respectively. Given 
the typical Moine mica preferred orientation normal 
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the foliation, any special preferred orientation and 
axes will tend lie within the foliation. impossible differen- 
tiate between the and axes within sections perpendicular the 
foliation, the sections normally utilized for fabric measurement, since 
both and are slow and the optic axial angle too small allow 
observation both optic axes with rotation about the axis. 
appreciation the fabric mica [100]-axes and can only 
obtained from sections parallel the foliation. 

Sander introduced the practice measuring the direction for 
each flake within the plane the section measurement (1950). The 
method does not record the dip relative the section plane but 
the results are sufficiently accurate for the purposes this study. The 
best results were obtained with mica fabrics that possessed marked 
concentration normal the foliation, fabrics with well- 
developed girdles such axes not being used. addition measure- 
ments were performed only upon specimens containing large mica 
flakes. 

The optic-crystallographic relations differ from those 
muscovite that the [010]-axis sensibly parallel and the 
[100]-axis Typically biotite possesses optic axial angle 
small completely immeasurable, and only the preferred 
orientation the vertical crystal axis has been studied date. Some 
the Moine biotite exceptional that the optic axial angle rises 
the order 30° thus allowing analysis biotite horizontal axes 
means measurements. 

(a) Summary other work.—All previous work micas has been 
concerned with muscovite. Kvale (1953) and Ingerson (1936) have 
analysed preferred orientation [100]-axes normal the girdle 
but the former measured from section perpendicular 
the foliation and the latter from specimen acknowledged unusual 
regarding its history. Turner and Hutton (1940) analysed preferred 
orientation muscovite [100]-axes along the fabric axis within the 
girdle Sander has made numerous analyses this 
nature (1950) invariably finding the same preferred orientation. 
considers that during formation the mica fabric rotation brings 
flake into position which translation gliding can occur. Since there 
adequate experimental evidence translation gliding only for the 
direction the muscovite [100]-axis along the basal plane (Miigge, 
1898, and Larsen and Bridgman, 1938) preferred orientation such 
axes within tectonite suggests that gliding has occurred, and the 
direction the movement. 

(b) Regional 10, composite diagram musco- 


The more usual optic-crystallographic relations have been assumed for 
both forms mica. 
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vite and [010]-axes, displays pronounced preferred 
orientation normal the foliation and 
parallel the lineation. follows that there equally strong 
preferred orientation [100]-axes normal these two maxima with 
some spread into partial girdle the same plane that [001 
Since the great majority lineations and foliation dips are directed 
into the south-east quadrant, the plane this composite muscovite 
fabric stands approximately north-east and south-west, most musco- 
vite [100]-axes lying horizontally this plane. These results are 
consistent with north-east and south-west movements during the 
deformation the Moine rocks. 


foliation contours biotite [100]-axes. Outer 
foliation contours muscovite [010]-axes. 


12.—Continuous contours: biotite con- 
tours biotite [100]-axes. 


(c) Muscovite and Biotite Fabric micaceous 
schist south-west Braemore there high preferred orientation 
mica [001]-axes normal the foliation, and muscovite 
and biotite [100]-axes parallel the lineation and flake elongation 
(Text-fig. 11). The fabric biotite related that muscovite 
rotation the horizontal axes through angle 90° about the 
coincident [001 ]-axes, this relationship being constant throughout the 
region studied. Unfortunately there experimental evidence 
regarding the possibility nature translation gliding biotite. 

Sometimes place the single pronounced maximum horizontal 
axes there are two close-set sub-maxima. For example, analysis 
quartz-mica-epidote schist north-west Braemore reveals preferred 
orientation biotite [100]-axes into two sub-maxima situated small 
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angles one either side the lineation (Text-fig. 12) parallel epidote 
This figure also shows the related distribution biotite 
within partial girdle which coaxial with that quartz 
The foliation plane quartz-albite-mica schist just west 
Oykell Bridge carries two lineations. The muscovite [010]-axes and 
biotite [100]-axes and flake elongation alternate from one lineation 
the other thus giving rise preferred orientation into two sub- 
maxima, each being parallel one the lineations (Text-fig. 13). 
The parallelism muscovite [010]-axes and biotite [100]-axes with 
flake elongation recurring feature. Probably when lineation 
produced flake elongation, the sub-maxima horizontal axes are 


13.—Continuous contours: muscovite 
contours muscovite 


TEXT-FIG. 14.—Foliation contours muscovite [010]-axes. 


very close Text-fig. 12, the two lineations are slightly divergent 
that their separation difficult thus giving rise the appearance 
single lineation. lineation produced solely the preferred 
orientation cleavage plates the presence two lineations would 
imply crossed girdles and such fabric was never located. 

(d) Fabric Modification near the Moine biotite and 
muscovite fabrics (Text-fig. 11) micaceous schist south-west 
Braemore and five and half miles from the Moine Thrust outcrop 
have already been described. They reflect the typical Moine fabric 
which the case the muscovite preferred orientation confirmed 
the composite (Text-fig. 10). Analysis another highly 


Insufficient measurements biotite horizontal axes were made warrant 
the construction composite diagram. 
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micaceous schist only two-thirds mile from the thrust outcrop 
revealed two widely separated maxima muscovite 
(Text-fig. 14). Whilst the subsidiary maximum lies parallel the 
lineation Text-fig. 11, the primary maximum lies angle 80° 
the lineation. Since the lineations both schists are similarly 
orientated the south-east quadrant there has been pronounced 
swing most muscovite [100]-axes (interpolation Text-figs. and 
14) relative the geographic co-ordinates well lineation. 

Away from the thrust outcrop the muscovite [100]-axes tend lie 
parallel the outcrop, north-east and south-west, whilst against the 
thrust outcrop they tend lie normal the outcrop, south-east and 
north-west. Similar fabric changes approaching the thrust outcrop 
were analysed elsewhere. the preferred orientation muscovite 
[100]-axes indicates the direction movement during deformation, 
that within the immediate vicinity the thrust plane diametrically 
opposed the direction movement within the general mass the 
Moine away from the crush zone. 

This constitutes further support for the suggestion that many linea- 
tions within the crush zone are relic Moine structures that have not 
been destroyed movement near the thrust plane. Sander suggests 
that zones relatively rapid movement (for example along the 
thrust plane) the formation lineations encouraged the 
expense lineations also regards stretched films mica 
within shear zones indicative translation within the mica flakes. 
Although most lineations the crush zone cannot described 
such but remain appearance typical the Moine whole, some 
display the marked stretched film like appearance, the fabric under 
discussion being such example. Thus the preferred orientation 
muscovite [100]-axes nearly parallel the lineation (interpolation 
Text-fig. 14) might suggest that lineation indicating the 
direction local thrust movement. Such lineations will not common 
but when they occur they will mimic lineations because 
parallelism, but genetically are completely different. 

The widely separated and unequally developed sub-maxima 
horizontal axes shown the crush zone fabric most probably represents 
severe overprinting earlier fabric due movements consistent 
with south-east and north-west overthrusting. The close-set sub- 
maxima horizontal axes illustrated Text-figs. and 13, analysed 
from outside the crush zone, addition representing fabric 
intermediate between that the crush zone and the simple preferred 
orientation Text-fig. 11, might also indicate minor overprinting 
due the overthrust movements, process which not paramount 
except near the thrust plane. 

(e) Local Modification most marked fabric 
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modification occurs near the Moine Thrust plane there are throughout 
the region pockets which some modification quartz and mica 
fabrics also occurs. The Loch Garve and Loch Shin areas are two such 
examples, but these will discussed elsewhere. Since thus far emphasis 
has been placed unusual fabrics mica horizontal axes per- 
tinent return the composite diagram (Text-fig. 10) combining all 
measurements muscovite [010]-axes. The modified fabrics are 
reflected this diagram only the presence very minor con- 


centration high angle the lineation, the maximum parallel the 
lineation dominating. 


FABRIC ALBITE 


The optic-crystallographic relations plagioclases were gained from 
the Berek projections (Berek, 1924). Although albite sometimes 
possesses measurable basal cleavage thus allowing additional 
method determining the composition, grains with cleavages were 
never sufficiently abundant allow accurate analysis the preferred 
orientation crystallographic axes. However, the angular deviation 
between indicatrix and crystallographic axes for the sodic plagioclases 
not great, and for the purposes this study the former are 
considered yield approximate indication the preferred 
orientation the latter. 

Generalizing upon analyses Wenk (1936), Osborn (1939), and 
Schmidt (1928) sodic plagioclases, the principal preferred orien- 
tation that [100]-axes parallel the lineation, normal 
the foliation, and normal the other two, mica and 
quartz the same specimens retaining the usual relationship with the 
foliation and lineation. 

With single exception preferred orientation albite axes was 
found outside the crush zone. Within the crush zone the preferred 
orientation generally not high but sufficiently developed 
diagnostic. albite-bearing schist collected just above the Moine 
Thrust plane near Loch Ailsh possesses typical textures and fabric. 
Albite porphyroblasts are set within highly fractured and disturbed 
mass chlorite, muscovite, quartz, and calcite, and possess strongly 
developed undulose extinction and abundant inclusions presumably 
incorporated during their growth. The more intense concentration 
indicatrix axes (approximate [100]-axes) lies nearly parallel the 
foliation, but the most pronounced element preferred orientation 
that indicatrix axes (approximate parallel the 
lineation (Text-fig. 15), feature common almost all the analysed 
fabrics. This demonstrated the composite diagram (Text-fig. 16), 
combining all measurements approximate [001]-axes gained from 
seven analysed specimens. 
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stated previously preferred orientation albite axes occurs 
only within the crush zone. addition the state preferred orien- 
tation improves towards the thrust plane along with progressive 
increase the size the porphyroblasts, until against the thrust plane 
the highest preferred orientation shown albite the form very 
large porphyrblasts. There appears very direct relation between 
the development the albite fabric and movements along the thrust 
plane. The plane the albite fabric determined Wenk, Osborn, 
and Schmidt, related the fabric within the crush zone, lies parallel 
the lineation, that south-east and north-west, since although the 
preferred orientation [010]-axes remains normal the foliation, 


15.—Continuous contours: approximate albite 
Broken contours approximate albite [001 


16.—Composite diagram. Approximate albite [001 


that lies approximately parallel instead normal the 
lineation. 


SUMMARY AND CONCLUSIONS 


The great majority lineations are mica structures, hence lying 
normal the girdle mica and are directed into the 
south-east quadrant. The regional preferred orientation muscovite 
[100]-axes and [001 ]-axes suggests that the Moine rocks were deformed 
south-west and north-east movements. The analysed fabrics 
many minerals (e.g. quartz, muscovite, biotite, epidote, and horn- 
blende) are consistent with this interpretation. 

The preferred orientation muscovite [100]-axes the crush zone 
suggests that movements near the thrust plane were diametrically 
opposed those within the general mass the Moine east this 
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zone. The growth albite textures and fabric indicates direct 
relationship with thrust plane movements, and the plane implied 
the albite preferred orientation coincides with that implied the 
preferred orientation muscovite 

Whilst much mica within the crush zone immeasurable the line- 
tion remains prominent and with the same geographical orientation 
that east the zone. Although the preferred orientation epidote 
lower the crush zone compared with that outside this zone, the 
parallelism lineation and remains characteristic fabric 
feature. This fabric element and many lineations the crush zone are 
therefore regarded Moine structures that movements near the 
thrust plane have failed reduce. However, few lineations are 
probably mimicking those indicating the direction thrust 
plane movements. 

short this study addition presenting the details the preferred 
orientation epidote, albite, and mica, and comparing this with other 
work, also suggests that the plane deformation within the Moine 
was south-west and north-east, but the crush zone adjacent the 
Moine Thrust plane, south-east and north-west. Thrust movements 
produced pronounced overprinting the Moine fabric near the thrust 
plane and possibly minor overprinting away from this plane. 
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APPENDIX.—FULL EXPLANATION TEXT-FIGURES 


All measurements have been plotted the lower hemisphere equal 
area projection. Unless the figures have been presented the horizontal 
plane showing peripheral geographical co-ordinates, the foliation indicated 
left right with the lineation (L) centrally positioned. 

Quartz-mica-epidote-hornblende schist, two miles south-east Loch 
Meadie, both foliation and lineation dipping low angle south-east 
(Text-figs. 


Text-fig. 1.—Continuous contours: 200 epidote 
per cent per per cent area. Broken 200 epidote 
axes per cent per per cent area. 

Text-fig. contours: epidote [100]-axes; 
per cent per per cent area. Broken contours: epidote 
poles per cent per per cent area. 

Text-fig. 3.—Continuous contours 100 hornblende 
per cent per per cent area. Broken contours: 100 hornblende 
per cent per per cent area. 

Text-fig. 4.—150 biotite contours; per cent 
per per cent area. 


Quartz-mica-epidote schist, four and half miles south-east Ullapool, 
foliation and lineation ‘dipping low angle south-south-east (Text- 
gs. 5-6). 

Text-fig. 5.—Continuous contours: 102 epidote [100]-axes; 
per cent per per cent area. Broken contours 200 epidote 
axes per cent per per cent area. 

Text-fig. 6.—Continuous contours 300 quartz per 
cent per per cent area. Broken 250 muscovite 
axes per cent per per cent area. 

Text-fig. diagram 600 epidote measured 
outside crush zone: per cent per per cent 
area. Individual foliation and lineation coincident. 

Text-fig. diagram 600 epidote {100}-poles measured 
outside crush contours per cent per per cent 
area. Individual foliation and lineation coincident. 

Text-fig. diagram measurements near and within crush 
zone. Continuous contours: 600 epidote 1-2-4-5 
per cent per per cent area. Broken contours 600 epidote 
axes cent per per cent area. Individual foliation 
and lineation coincident. 

Text-fig. 10.—Composite diagram muscovite measurements throughout 
region. Continuous contours: 2,100 muscovite [001 
per cent per per cent area. Foliation contours 
1,500 muscovite [010]-axes, per cent 


per percent unit circumference. Individual foliation and lineation 
coincident. 
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Text-fig. 


Text-fig. 


Text-fig. 


Text-fig. 


Text-fig. 


Text-fig. 
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quartz-albite schist, two miles south-west 
Braemore. Inner foliation contours: 100 biotite [100]-axes, 
per cent per per cent unit circumference. 
Outer foliation contours: 100 muscovite (Z’-axes) 
per cent per per cent unit circumference. 
schist, one mile north-west Braemore. 
cent per per cent area. Foliation contours: 100 biotite 
axes, (Z’-axes) per cent per per cent unit circum- 
ference. 

13.—Quartz-albite-mica schist, one mile west Oykell Bridge. 
Continuous contours: 105 muscovite 
per cent per per cent area. Foliation contours: 100 
muscovite (Z’-axes) per cent per per 
cent unit circumference. 

14.—Micaceous schist, five and half miles west-north-west 
Braemore. Foliation contours: 100 [010]-axes, 
(Z’-axes) per cent per per cent unit circumference. 
15.—Porphyroblastic albite-quartz-mica schist, just above thrust 
plane, two miles south Loch Ailsh, foliation and lineation dipping 
moderate angle south-south-east. Continuous contours: 200 
approximate albite [100]-axes, (actual X-axes) per cent 
per per cent area. Broken contours: 200 approximate albite 
(actual Y-axes) per cent per per cent 
area. 

16.—Composite diagram 700 approximate albite 
(actual Y-axes), measured throughout crush zone: 
1-2-3-4-5 per cent per per cent area. Individual foliation and 
lineation coincident. 


The Classification and Evolution the Superfamily 
Lichacea (Trilobita) 
Tripp 


ABSTRACT 


The superfamily Lichacea here considered include two 
families the Lichidae, composed four subfamilies and twenty- 
four genera, and the Lichakephalidae, comprising only one species. 
Reed’s interpretation the glabellar and occipital lobes the 
Lichidae considered correct; the definition and degree 
fusion these lobes the main criterion generic discrimina- 
features are assistance defining subfamilies. 
The characters the pygidium are constant some genera, but 
unstable others. The Lichinae and Homolichinae, stratigraphic- 
ally the oldest subfamilies the Lichidae, are chiefly European 
occurrence during the Ordovician period. The Tetralichinae and 
the Ceratarginae occur earlier North America than Europe. 
Lichakephalus occurs Lower Tremadoc beds Bavaria. 


INTRODUCTION 


HIS paper published preface the classification the 

superfamily Lichacea which has been submitted the Treatise 

Stubblefield, F.R.S., for his guidance and advice, several friends 

for reading the manuscript critically, and Mr. Walter Fleming for 
preparing the illustrations. 

The division the Ordovician Period into Lower, and 
Upper, sets many problems the writer has followed Stormer (1953) 
and Twenhofel (1954) referring beds from the base the 
bifidus zone the top the clingani zone the Middle 
Ordovician. The Boda Limestone Sweden, and the Porkuni-Stufe 
Estland have been included the Upper Ordovician. 

Throughout this paper all taxa hitherto regarded subgenera are 
treated genera. the author’s opinion the status and relationship 
the genera are still too uncertain justify the recognition sub- 
genera. Space does not permit discussion all the synonyms listed. 

have much pleasure expressing thanks the following 
persons for the loan specimens, and for information and assistance 
Mr. Baker, British Museum (Natural History), London 
(B.M.(N.H.)) Mr. Brighton, Sedgwick Museum, Cambridge 
(S.M.); Prof. George and Dr. Currie, Hunterian 
Museum, Glasgow (H.M.); Mr. Smith, Geological Survey 
and Museum, London (G.S.M.); Dr. Isles Strachan, Birmingham 
University (B.U.); Mr. Selwyn Turner, Leeds University (V.); 
Prof. Whittington, Harvard University, Cambridge, Mass. 
Dr. Wilson, Geological Survey Canada, Ottawa 
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(G.S.C.). The initials following the names the institutions are those 
used subsequently referring particular specimens. 


TERMINOLOGY 


The terminology used essentially that Warburg (1925, pp. 1-7) 
except that furrow used for the anterior lateral furrow 
the glabella. The terms sagittal (sag.), exsagittal (exs.), and trans- 
verse (tr.) are used proposed and Richter (1940, pp. 
The phrase cat’s-ear used Salter (1864, 38) describe 
the large lateral glabellar lobes Chasmops, has been applied the 
posterior lateral lobes the middle body the hypostome the 
subfamily Lichinae. 


RESEARCH 
The early writers considered that the three pairs lateral 


Anterior Border 


Longitudinal Furrow 

Bicomposite Lateral Glabellar 
Palpebral Lobe Lobe 
Axial Furrow 

Basal Lateral Glabellar Lobe 
Occipital Lobe 

Occipital Ring 


Fixed Cheek 

Occipital Furrow 
Posterior Border Furrow 
Posterior Border 


1.—Metopolichas patriarchus (Wyatt-Edgell), Ffairfach Group, 
Pont Ladies Quarry, Wales; cranidium, show the parts (Leeds 
University 202, 14). 

lobes which occur many species the family Lichidae were homo- 

logous with the three pairs lateral lobes many other families. 

Reed offered new interpretation the segmentation and 

evolution the lichid cranidium. considered that the anterior 

and middle lateral lobes were always fused, forming bicomposite 
some forms the bicomposite lobes fused with the basal 
lateral lobes, forming tricomposite lobes. regarded the small 

(third) pair lobes which occur the back the glabella many 

species lateral occipital lobes. Reed included all species the 

genus Lichas, which divided into two groups, with eight sections 
subgenera each. 

Foerste (1920) considered Reed’s bicomposite lobes the anterior 
lobes only, his basal lobes the middle pair, and the occipital lobes 
the basals. Later, Reed (1923) brought his earlier work date, 
adhering the scheme classification had previously proposed. 
Kobayashi (1935) regarded the group superfamily, the Lichacea. 
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(1936 and 1937) accepted Foerste’s interpretation the 
middle and basal lobes, and Reed’s interpretation the bicomposite 
lobes, thus concluding that there were four pairs lateral glabellar 
lobes present. Phleger, independently, regarded the group super- 
family (the Lichadacea), and divided into two families, eight 
subfamilies, and forty-five genera, nineteen which were new. 

discussing Phleger’s work, Warburg (1939) rejected his morpho- 
logical interpretation and suppressed many his genera the 
grounds that they were based characters which were not generic 
value. Warburg regarded the group family, and made 
reference subfamilies. 

Lichakephalus erbeni was described Sdzuy 1955, and was 
included, with doubt, the family Lichidae; this form here 
regarded representative new family. 


2.—Lichakephalus erbeni Sdzuy, Lower Tremadoc, Leimitz, 


MORPHOLOGICAL INTERPRETATION THE CRANIDIAL LOBES 


There direct ontogenetic evidence demonstrate the 
correct morphological interpretation the cranidial lobes. The 
metaprotaspis described Beecher (1895, 173, pl. ix, fig. the 
only neanic form known redescription has recently been published 
Whittington. 

The small hindmost pair lobes which are present Lichakephalus 
and many species the Lichidae are here regarded occipital lobes. 
The main reason for this that the earliest, and presumably least 
modified, species these small discrete lobes have every appearance 
being part the occipital ring, and not until Middle Ordovician 
times that they project forwards and fuse with the lateral glabellar 
lobes certain genera. That the posterior border furrows are con- 
tinuous with the posterior, not the anterior, lateral branches the 
occipital furrow not significant, Warburg (1931, 10) has 
pointed out discussing the Odontopleuridae the occipital ring 


3 
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much longer (exs.) than the posterior border certain species the 
Olenellidae and other families, the Proetidae for instance. 

the family Lichidae, the large size the foremost pair lateral 
glabellar lobes and the occurrence notches marking the positions 
the middle lateral glabellar furrows offer sufficient support for 
Reed’s hypothesis that these lobes are bicomposite. Lichakephalus 
differs from the lichids having pair short lateral glabellar furrows 
anterior the longitudinally elongated this foremost pair 
furrows considered Sdzuy the third pair from the back. 
However, the lateral lobes Lichakephalus are almost 
twice long the lobes front and behind furthermore, Sdzuy’s 
figure the holotype (1955, pl. fig. 29) shows short furrow joining 
the longitudinal furrow near the mid-length the left lobe. seems 
possible, therefore, that these lateral lobes are bicomposite, 
and homologous with the bicomposite lobes the Lichidae, which 


Hemiarges and Acanthopyge. 
Hemiarges bucklandi (Milne Edwards) anglicus (Beyrich)). 
Acanthopyge hirsuta (Fletcher). 
Both species are from the Wenlock Limestone Dudley, 2}. 


case the foremost pair furrows Lichakephalus would the 
fourth pair from the back. 


TAXONOMIC VALUE VARIOUS FEATURES THE FAMILY LICHIDAE 

The Lichidae probably the most variable all trilobite families. 
The whole the exoskeleton must evaluated drawing classi- 
fication protuberances, and swellings occur sporadically 
throughout the family and seem little diagnostic importance. 

The arrangement the glabellar and occipital lobes and furrows 
the salient character the cranidium, and the principal guide 
distinguishing genera, but this feature cannot relied implicitly. 
Itis important distinguish furrows, which are smooth and reasonably 
well defined, from depressions, which bear some tuberculation and 
vary definition different specimens the same species. The 
construction the free cheek appears fundamental importance 
certain genera (see 117 and Text-fig. 3). 
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The main hypostomal features remain constant the different 
subfamilies, despite modification the dorsal shield, and both the 
Lichinae and the Ceratarginae possess characteristic hypostomes 
(Text-fig. 4). 

Several genera show little variation the pygidium, e.g. Amphilichas; 
others, e.g. Uralichas (Text-fig. and Conolichas, include species 


Subfamily Lichinae, 
Metopolichas celorrhin (Angelin), after Warburg, 1939, pl. ii, 


Metopolichas patriarchus (Wyatt-Edgell), reconstructed from 
G.S.M. 35245. 

Uralichas ribeiroi (Delgado), 1892, pl. vi, figs. 4a, 

avus (Barrande), reconstructed from 
15226; type species Platopolichas Giirich. 

Lichas laciniatus (Wahlenberg), hypostome probably be- 
longing this species, after Warburg, 1939, pl. ix, fig. 

Lichas sp, after Reed, 1906, pl. xiv, fig. 16; formerly referable 
Trimerolichas Phleger. 

B.M.(N.H.) 48914. 
Arctinurus boltoni (Bigsby), reconstructed from 

chicagoensis Weller, 1907, pl. xxii, fig. 14; type 
species Arctinuroides Phleger. 

ornatus (Angelin), after Schmidt, 1885, pl. vi, 
fig. 19; type species Pseudotupolichas Phleger. 

Echinolichas bigsbyi (Hall, 1859, pl. fig. 7). 

grandis (Hall), after Whitfield, 1897, Text-fig. 


Subfamily Homolichinae, M-P. 
Conolichas triconicus Dames, after Schmidt, 1907, pl. ii, 


10. 
Conolichas deflexus (Angelin), after Schmidt, 1885, pl. iv, 
fig. 33; formerly referable Homolichas Schmidt. 
Hopolichas conicotuberculatus (Nieszkowski), after Schmidt, 
1885, pl. fig. 21; type species Hoplolichoides Phleger. 
margaritifer (Nieszkowski), after Schmidt, 1885, 
pl. fig. 21. 


Subfamily Tetralichinae, 
lineatus (Angelin), after Schmidt, 1885, pl. vi, 
fig. (see Warburg, 1939, 140). 
cucullus (Meek and Worthen), after Foerste, 
1920, pl. fig. 1g; type species Acrolichas Foerste. 


Subfamily Ceratarginae, S—X. 

antelucanus Tripp, 1954, pl. fig. 15. 

B.M.(N.H.) In.22717; type species Choneilobarges 

Trochurus speciosus Beyrich, after 42415. 

haueri (Barrande), after Barrande, 1852, pl. 
xxviii, fig. 42. 

Radiolichas araneiformis nom. nov., after Holzapfel, 1895, 
pl. xiii, fig. 16. 

Ceratarges armatus (Goldfuss, 1839, pl. xxxiii, fig. 1c). 


q 
7 
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METOPOLICHAS METOPOLICHAS 
URALICHAS URALICHAS 
LICHAS LICHAS DICRANOPELTIS ARCTINURUS 
ARCTINURUS TERATASPIS 


LICHINAE ARCTINURUS ECHINOLICHAS 


CONOLICHAS 
CONOLICHAS HOPLOLICHAS PLATYLICHAS 


HOMOLICHINAE 


AMPHILICHAS 
TETRALICHINAE 


HEMIARGES HEMIARGES 


U } Ww x = 
TROCHURUS RADIOLICHAS 


ACANTHOPYGE CERATARGES 


CERATARGINAE 


4.—Reconstructions hypostomes the Lichidae. 
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which are closely related cranidial and hypostomal features but 
which differ widely their pygidia. nearly all species the pleural 
regions the pygidium include three segments, but few 
avus (Barrande), Lyralichas bronnikovi (Weber) and the Acanthopyge 
nitidula (Barrande) species group) there are four. The presence 
extra segment the pygidium does not appear matter such 
fundamental importance might first and 
Erben (1952, 145) recorded that nitidula has only ten segments 
the thorax whereas, far known, all species with three segments 
the pygidium have eleven thoracic segments. seems probable, 
therefore, that basically the Lichidae possessed fourteen segments 
the thorax and pygidium combined, and that occasionally the eleventh 
thoracic segment remained fused with the pygidium. 

The writer agreement with the classification adopted 
Warburg (1939) except with regard Metopolichas synonym 
Lichas s.s.; the standard generic discrimination observed her 
has been followed closely possible this paper. 


Subfamily Homolichinae, 


Platylichas. Left side after margaritifer (Nieszkowski), 
the type species; right side after vultuosus Opik. 

Platylichas. Left side after specimen from the Raheen 
Shales, S.M. A.16150; right side after (McCoy). 

Left side after conicotuberculatus (Nieszkow- 
ski); right side after furcifer (Schmidt). 


Subfamily Tetralichinae, 


Left side after laevis (Eichwald); right side 
after lineatus (Angelin), the type species. 


Subfamily Lichinae, 

Dicranopeltis. Left side after telleri Weller; right side 

after scabra (Beyrich), the type species. 
Lichas. Left side after laciniatus (Wahlenberg), the type 

species; right side after pugnax Winchell and Marcy. 

Lichas. Left side after Lichas sp., figured Reed, 1906, 
pl. xiv, fig. 15; right side after breviceps Hall. 

Arctinurus. ‘Left side after boltoni (Bigsby), the type 
species; right side after chicagoensis Weller. 


Subfamily Ceratarginae, I-L. 


Left side after phlyctainodes (Green); right 
side after speciosus Beyrich, the type species. 

Left side after wesenbergensis (Schmidt), 
the type species; right side after maccullochi (Reed). 

Acanthopyge. After haueri (Barrande), the type species. 

Radiolichas. After araneiformis nom. nov., the type 
species. 

Figures left, and illustrate genera different subfamilies 
with circumscribed bicomposite lateral glabellar lobes, figures 
and with tricomposite lateral lobes, and figures and with 
multi-composite lateral lobes. Double horizontal arrows indicate 
homeomorphic vertical arrows—suggested lines evolution. 


Evolution the Superfamily Lichacea (Trilobita) 


LICHAS 


HOPLOLICHAS 
HOMOLICHINAE 


AMPHILICHAS ARCTINURUS RADIOLICHAS 


HEMIARGES 


5.—Diagrams illustrating homeomorphy lobation lichid 


LICHAS ACANTHOPYGE 
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THE BEARING HOMEOMORPHY CLASSIFICATION 


Reed (1902) divided the family Lichidae into two groups dependent 
whether not the bicomposite lateral glabellar lobes were defined, 
Lichas s.s. (Text-fig. 5F). Phleger followed Reed the main, 
but erected two families dependent whether not the bicomposite 
lobes were circumscribed, Dicranopeltis (Text-fig. SE). However, 
consideration the rest the exoskeleton demonstrates that bicom- 
posite lobes, which occur three the subfamilies (Text-fig. 5A, 
are sometimes only homeomorphic feature, and not matter 
primary importance classification. Likewise, the occurrence 
tricomposite 5C, lateral lobes 


5D, different genera does not necessarily indicate 
relationship. 


TRENDS 


Several specialized features recur species which are not closely 
related. The most striking these the tendency produce bizarre 
forms with long spines protuberances this feature particularly 
marked some Devonian Lichinae and Ceratarginae. other trends 
the occipital lobes fuse with the lateral glabellar lobes 
Arctinurus, the Tetralichinae and the the area the 
base the median lobe becomes depressed Conolichas, 
Acanthopyge, and Trochurus); the longitudinal furrows become 
obsolete the front (Hemiarges and Dicranogmus) the axial furrows 
become obsolete the back (Uralichas, Platylichas, and the Cera- 
targinae); the glabella becomes narrower the back, and the 
occipital ring wider (tr.). 


OUTLINE PROPOSED CLASSIFICATION 


SUPERFAMILY LICHACEA Hawle and Corda, 1847 [nomen 
translatum Kobayashi, 1935 (ex Lichades Hawle and Corda, 1847)]. 

Glabella broad, extending anterior border, which sometimes 
ill defined; one pair lateral glabellar furrows longitudinally 
elongated lateral glabellar and occipital lobes tend fuse with one 
another and with other parts the cranidium facial sutures opistho- 
parian. Pygidium pleural lobes usually flattened, and com- 
posed three pairs pleurae. Dorsal surface almost always 
tuberculate. 

Family LICHIDAE Hawle and Corda, 1847 [nomen correctum 
Angelin, 1854 (ex Lichades Hawle and Corda, 1847, nomen imper- 

Cranidium usually moderately glabella subrectangular 
foremost pair lateral furrows longitudinally elongated anterior 
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branches facial sutures run close axial furrows. Thorax ten 
eleven segments. Doublure broad, particularly pygidium, 
carrying usual terraced lines. 

Subfamily LICHINAE Hawle and Corda, 1847 [nomen translatum 
1901 (ex Lichades Hawle and Corda, 1847)]. 

Text-figs. SE-H, 6A-L. 

Bicomposite, basal, and occipital lobes defined except Arctinurus 
and Devonian genera. with posterior margin strongly 
indented middle body undefined posteriorly, except Uralichas 
and posterior lateral lobes middle body large, 
shaped like cat’s ears. Pygidium with axis flaring tapering posterior 
pair pleurae usually posterior margin indented, un- 
indented, with long posterior spine. Lower Ordovician-Middle 
Devonian. 

Lichas Dalman, 1827 Autolichas Reed, 1923). typical species 
Lichas the longitudinal furrows not reach the occipital furrow, 
the occipital lobes are well formed, and the posterior margin the 
pygidium unindented; Arctinurus the longitudinal furrows 
reach the occipital furrow, the occipital lobes are small (as 
boltoni, the type species) absent, the occipital ring very broad, 
and the third pleurae the pygidium end more less well-developed 
free points. There are, however, number species which are equi- 
vocal their cranidial features, and then necessary rely the 
character the pygidium, known, order determine the genus. 

Metopolichas Giirich, 1901 1937c). 

Metopolichas was regarded Warburg synonym Lichas 
this view not accepted here account the difference the 
hypostome, which has been described for six species, although not 
for the type species. These hypostomes differ from Lichas and resemble 
Conolichas that the width exceeds the length, the central body 
circumscribed, and the lateral borders are broad. 

Uralichas Delgado, 1892 Giirich, 1901). 

Holub (1909, 16, pl. figs. 9a, 10) has described the correct 
pygidium avus (Barrande), the type species Platopolichas 
his observations are borne out specimen the British Museum 
(Natural History) (Text-fig. 6L). The pygidium avus differs 
from incola (Barrande), the only other species referred Plato- 
polichas and resembles ribeiroi (Delgado), the type 
species Uralichas, its long posterior spine; differs from both 
possessing four pairs pleurae. The three species are closely similar 
cranidial and hypostomal characters, and may considered con- 
generic, although the divergence between the pygidia greater than 
usual (Text-fig. 
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Leiolichas Schmidt, 1885. 


Dicranopeltis Hawle and Corda, 1847 Trachylichas Giirich, 
Dicranopeltoides Phieger, Makromuktis 1936; Ray- 
mondarges 1937). This genus provides good example 
the impracticability recognizing finely drawn taxonomic distinctions 
the family Lichidae. the features selected Phleger generic 
value were accepted, several other new genera would have 
erected, based features (Text-figs. 6A-I). Such 
crimination would often more misleading than 
example, the diagnostic feature the genus Makromuktis 
6H) the anterior protuberance the the cranidium 
Dicranopeltis woodwardi (Reed) (Text-fig. 61, hitherto undescribed) 
bears somewhat similar, though bifid, protuberance, but the glabella 
lobation indicates that the two forms are not closely related. 


Arctinurus Castelnau, 1843 Oncholichas Schmidt, 1885 
Phleger, 1936; Trimerolichas 1936). use the 
generic name Paradoxus (1825, 365) when describing the type 
species, boltoni, must considered calami for Paradoxides, 
for Bigsby stated that Brongniart was the author the genus. 


Gaspelichas Clarke, 1907. 


Echinolichas Giirich, 1901. This genus may prove synonym 
Ceratolichas, which only cranidia are known. 


Dicranopeltis bifurcata (Reed), after S.M. A.14023. 

Dicranopeltis bifurcata (Reed), after G.S.M. 19456; 
arrangement glabellar lobes. 

Dicranopeltis salteri (Fletcher), after B.M.(N.H.) 

Dicranopeltis scabra (Beyrich), after Barrande, 1852, pl. 
xxviii, fig. 24; the type species. 

Dicranopeltis after M.C.Z. 4476; 
type species Raymondarges Phleger. 

decipiens (Winchell and Marcy), after Weller, 
1907, pl. xxii, fig. 10; type species Dicranopeltoides Phleger. 

Dicranopeltis Weller, 1907, pl. xxii, fig. 

Dicranopeltis nasuta Weller, 1907, pl. xxii, fig. type 
species Makromuktis Phleger. 


woodwardi (Reed), after B.U. 680 (Holcroft 
Collection). 


Divergence pygidia the genus Uralichas, 
ribeiroi (Delgado), after Delgado, 1897, pl. iv, fig. 
the type species. 
incola (Barrande, 1872, pl. fig. 17). 


Uralichas avus (Barrande), after B.M. (N. H.) 1.15227; type 
species Platopolichas 


URALICHAS 


6.—Divergence cranidia the genus Dicranopeltis, A-I. 
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Ceratolichas Hall and Clarke, 1888. 

Terataspis Hall, 1863. grandis (Hall) one the largest trilobites 
known. 

Subfamily HOMOLICHINAE Phleger, 1936 [nomen correctum 
Tripp, herein (ex Homolichadinae Phleger, 1936, nomen 
Text-figs. 

Lateral glabellar lobes tricomposite, but modified some species 
Platylichas; occipital lobes well defined. with 
posterior margin strongly indented middle body circumscribed, with 
small posterior lateral lobes. Pygidium with axis flaring posterior 
pair pleurae usually furrowed, with free points short posterior 
spine. Lower Ordovician-Middle Silurian. 

Conolichas Dames, 1877 Homolichas Schmidt, 1885 
chas Phleger, 1936). 

Hoplolichas Dames, 1877 Hoplolichoides 1936 Cyrano- 
lichas 1936). 

Platylichas Giirich, 1901 Metalichas Reed, 1902; 
lichas 1936 Lingucephalichas 1936). The evolution 
Platylichas was discussed Opik (1937, pp. who considered 
probable that development had proceeded from species such 
halli (Foerste), which the axial furrows run into the occipital 
furrow near the longitudinal furrow, through species such 
sanctaemathiasae (Schmidt), which the axial furrows join the 
longitudinal furrows the occipital furrow, typical species which 
the axial furrows join the longitudinal furrows well front the 
occipital furrow, else die out the back. Certain early species 
this series (Text-fig. left) are hardly distinguishable from Conolichas. 
There wide variation hypostomal construction between some 
species Platylichas, but the type species conforms the general 
Conolichas form. There is, therefore, good reason for the inclusion 
Platylichas and Conolichas the same subfamily. 

Subfamily TETRALICHINAE Phleger, 1936 [nomen correctum 
Tripp, herein (ex Tetralichadinae Phleger 1936, nomen 
Text-figs. 

Lateral glabellar lobes tricomposite, and completely fused with 
occipital lobes. Hypostome with posterior margin strongly indented 
middle body circumscribed, with small posterior lateral lobes. 
Pygidium Amphilichas usually with pointed axis reaching posterior 
margin, and unfurrowed third pleurae with single free points. Middle- 
Upper Ordovician. 

Amphilichas Raymond, 1905 Acrolichas Foerste, Tetra- 
lichas 1936; Kerakephalichas 1936; Probolichas 
1936). The unfortunate nomenclatorial history the genus 
Amphilichas has been summarized Phleger (1936, 606). should 
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added that Raymond (1905, 378) was mistaken stating that 
laevis Eichwald was the type Schmidt’s Gruppe Platyme- 
topus (and, inference, Raymond’s new genus Amphi- 
Schmidt himself (1885, 29) had stated that lineatus 
Angelin was the type species Platymetopus. 

Lyralichas Weber, 1948. the cranidium this primitive, mono- 
typic genus, the axial furrows bend abruptly outwards the back 
comparison with other genera suggests that the divergent portions 
formerly outlined the occipital lobes, which had already fused with 
the lateral glabellar lobes even the earliest representative the 
Tetralichinae. 

Subfamily CERATARGINAE subfam. [pro Argetinae 
1901, nomen 

Text-figs. 4S—X, 

Bicomposite lateral glabellar lobes bounded back posterior 
lateral furrows, except some species axial furrows 
usually obsolete behind bicomposite lobes; occipital lobes fused 
with basal lateral lobes except Trochurus and Dicranogmus. 
Hypostome with posterior margin not markedly middle 
body circumscribed, with small posterior lateral lobes. Pygidium 
with axis extended posterior border margin narrow ridge 
posterior bands first and second pleurae narrower and more swollen 
than anterior bands posterior pair pleurae unfurrowed pygidium 
modified certain Devonian genera. Middle Ordovician-Upper 
Devonian. 

Ceratarges Giirich, 1901. 

Hemiarges Giirich, 1901 Choneilobarges 1936; Rich- 
terarges Phleger, 1936). group species centred maccullochi 
(Reed), the type species Choneilobarges, differs from typical species 
Hemiarges that the bicomposite lobes are circumscribed, 
and the posterior lateral furrows are often connected across the 
median lobe the glabella. However, these features vary greatly 
even between different specimens maccullochi, that they are 
little systematic value. This group, which includes ptyonurus 
(Hall and Clarke), the type species Richterarges, approaches 
Acanthopyge glabellar lobation, but differs lacking the depressed 
area the base the median lobe and the deep notch inside the 
librigenal spine (Text-fig. 3). 

Trochurus Beyrich, 1845 Corydocephalus Hawle and Corda, 
1847 Plusiarges 1901). 

Dicranogmus Hawle and Corda, 1847 Liparges Giirich, 1901). 

Acanthopyge Hawle and Corda, 1847 Euarges Giirich, 1901 
Mephiarges and Richter, 1930; Diplolichas 1936; Lobo- 
pyge and Erben, 1952; Nitidulopyge and Erben, 1952). 


= 
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and Erben (1952, 145) distinguished the genus Lobopyge 
from Acanthopyge the grounds that the posterior bands the 
first and second pleurae the pygidium were only slightly more 
swollen than the anterior bands, and that they united with the anterior 
bands form the free points similar distinction could drawn 
both Hemiarges and Trochurus the rest the exoskeleton shows 
distinctive features generic importance, and does not appear 
that the erection new genera based the pygidial features men- 
tioned would justified. Nitidulopyge was proposed subgenus 
Lobopyge for species with four pairs pleurae the pygidium, but 
this feature not considered generic value. 

and Richter, 1917. 

Radiolichas Reed, 1923. There the possibility doubt arising 
whether not Lichas Holzapfel (1895, 32, pl. iii, fig. 11, 
pl. xiii, figs. 1-3, 16), the type species Radiolichas, primary 
homonym Lichas araneus (1885, 58, pl. xv, fig. 30). 
The name araneiformis nom. nov. here introduced replace aranea 
Holzapfel application has been submitted the International 
Commission Zoological Nomenclature, requesting approval for 
this action. 

Akantharges Phleger, 1936. 

Craspedarges Giirich, 1901. 


Family Tripp, n.fam. 
Text-fig. 


Cranidium rather flat glabella narrows towards front pair 
short lateral furrows anterior elongated pair occipital lobes large 
and well defined anterior branches facial sutures strongly diver- 
gent, outlining broad anterior areas fixed cheeks. Lower Tremadoc. 

Lichakephalus Sdzuy, 1955. 


EVOLUTION AND MIGRATIONS 


Lichakephalus erbeni, the only known representative the family 
Lichakephalidae, from the Lower Tremadoc Bavaria. Sdzuy 
appears have been correct regarding this form offshoot 
from the main lichid stem. 

The earliest representative the family Lichidae Lichas 
(1926, 16, pl. iii, figs. 1931, pl. figs. 10, 
10a), from the Tremadoc Bohemia this species based upon 
fragmentary pygidium, but the associated cranidium and hypostome 
probably belong the same form. The affinities klouéeki 
appear lie with the subfamily Lichinae, rather than with Platylichas, 
supposed. 
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The earliest lichid known from northern Europe the pygidium 
figured (1942, from the Planilimbata 
Limbata Limestone The generic relations this interesting 
specimen are uncertain the connection the axial furrows the 
third pleural furrows suggests relationship with Metopolichas 
(Eichwald). 


LURIAN DEVONIAN 


CHAS 


CRASPEDARG 


7.—Chart showing suggested lines evolution the family 
Lichidae. 


Subfamily Lichinae. Metopolichas occurs the Lower and Middle 
Ordovician and the Middle Ordovician 
Britain and Asia. Uralichas Middle Ordovician genus, confined 
Portugal, Spain, Bohemia, and France; the isolation this area 
emphasized the exclusion other stocks until the close the 
Ordovician Period. Lichas almost certainly evolved from Uralichas— 
the hypostome figured Thadeu (1947, 232, pl. iv, figs. 10-12), 
from Portugal, possesses the characteristic uncircumscribed middle 
body and cat’s-ear lateral lobes. Lichas invaded northern Europe 
early the Upper Ordovician, and Dicranopeltis probably evolved 
this developed from Lichas stock the Lower 
Silurian, and gave rise the bizarre Devonian genera Terataspis, 


LICHAS 
|. —RUCRANOPELTIS 
LICHINAE 
HOMO— 
LICHINAE PLATYLICHAS 
DICRANOGMUS 
CERAT- 
- ElELIARGES 
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Gaspelichas, Ceratolichas, and Echinolichas, which are restricted 
North America. 

Subfamily Homolichinae. The Homolichinae related the 
Lichinae through the genus Metopolichas. Conolichas and Hoplolichas 
are restricted the Ordovician northern Europe and the 
Platylichas appears early the Caradoc Series the British Isles 
and Sweden, and persists into the Silurian Period. 
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EUROPE 
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8.—Geographical distribution the subfamilies the Lichidae. 


Subfamily Tetralichinae. The most primitive species the Tetra- 
lichinae known Lyralichas bronnikovi (Weber, 1932, 60, pl. iv, 
figs. from beds Chazy age, Turkestan. The longitudinal 
glabellar furrows not reach the occipital furrow, the pygidium 
retains four pairs furrowed pleurae and the axis short, the 
posterior lateral lobes the hypostome are subtriangular. Amphilichas 
occurs the Chazy North America, but not known before the 
gracilis zone northern Europe. 

Subfamily Ceratarginae. The Tetralichinae and the Ceratarginae 
possess certain specialized features which may indicate common 


| 
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ancestry. The earliest ceratarginid known new form from the 
Chazy Newfoundland and Quebec (G.S.C. and 887) mis- 
takenly referred Billings (1865, text-fig. 323 right) his Lichas 
The next occurrence the subfamily Hemiarges from 
the Stinchar Limestone (N. gracilis zone) Scotland (H.M. A.3963). 
Trochurus and Dicranogmus appear the Upper Ordovician 
northern Europe, invasion more primitive branch the 
Ceratarginae than that represented Acanthopyge 
evolved from Hemiarges stock, occurring first the Middle Silurian 
and becoming widespread during Devonian times. Devonian genera 
with depressed area the base the median lobe, deep notch 
inside the librigenal spine may derived from Acanthopyge. 
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The Clinopyroxenes Differentiated Teschenite Sill 
Near Gunnedah, New South Wales 


ABSTRACT 


Optical and chemical data are presented the clinopyroxenes 
(titaniferous salites) from differentiated teschenite sill. The range 
clinopyroxene composition close the limits, 
Attention directed the clinopyroxene com- 
positions and zoning their relation the parent rocks and 
associated minerals. 


INTRODUCTION 


(1954) investigation the clinopyroxenes from the 
Garbh Eilean Sill, Shiant Isles, constitutes the first detailed 
inquiry into clinopyroxene behaviour intrusion alkali olivine- 
basalt type. The present investigation deals with clinopyroxenes from 
the Black Jack teschenite sill, near-horizontal differentiated intrusion 
approximately 500 feet thick, situated miles south-west Gunnedah, 
New South and modal data the clino- 
pyroxenes will discussed more detail generalized account 
the account the olivines this intrusion has already 
been given (Wilkinson, 1956a). 


OPTICAL PROPERTIES THE CLINOPYROXENES 


(i) Refractive Indices and Optic Axial view the 
compositional variation the associated olivine and plagioclase 
the teschenites (Table 2), comparable that exhibited these 
minerals differentiated tholeiitic intrusions where the associated 
clinopyroxene may exhibit appreciable substitution and 
was considered desirable assemble reasonably complete 
optical data clinopyroxenes from all parts the intrusion before 
selection the most suitable types for separation and chemical 
analysis. Over fifty determinations generally resulted 
(Table refractive index variation not 
systematic one (cf. Table 1), bearing relation the position 
the clinopyroxene the intrusion nor particular compositional 
trend the associated minerals. the case 2V, several hundred 
determinations resulted the repetition values around three 
principal means, namely 52°, and 45°. The clinopyroxenes 


Accuracy individual refractive index determinations 0-003 
direct measurements across degree. All optical determinations 
out sodium light. 
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TABLE INDICES AND ANGLES MEASURED 
SINGLE CLINOPYROXENE CRYSTALS 


Approximate Height 
Specimen Feet above 
Lower Contacts. Refractive Indices. 
1-708 
440 1-706 
390 1-700 
400 1-701 
1-709 
210 1-700 
450 1-700 


TABLE 2.—COMPOSITION AND OPTICAL PROPERTIES OF THE TITANIFEROUS CLINOPYROXENES 
FROM THE BLACK JACK INTRUSION 


te 


Ne 


Atomic 


0-025-0-026 
42°-45° 41° 
Pleochroism pinkish (sometimes with green tinge), pale violet, 
Assoc. plag. comp. Ang 


Assoc. olivine comp. Fags Faye 


* Values obtained by direct measurement. + Average values derived from all clinopyroxene 
2V’s. Analyses I-IV, clinopyroxenes from the Black Jack intrusion (anal. J.F.G.W.). 
I. Magnesia-rich fraction of pyroxene from Specimen BI (teschenite 20 feet above lower 
contact). II. Bulk pyroxene from B1. III. Bulk pyroxene from H8 (teschenite approximately 
500 feet above the lower contacts). IV. Iron-rich fraction of pyroxene from H8. 

A. Clinopyroxene from picrite, 0 feet above sea-level, Garbh Eilean sill. (Murray, 1954, 
Table 1, Analysis 1). B. Iron-rich fraction of clinopyroxene from crinanite, 325 feet above 
sea-level, Garbh Eilean sill. (Murray, op. cit., Analysis 31H). 


reveal strong inclined dispersion the optic axes, with the colour 
fringes most obvious for the axis emerging (001) near 

(ii) Zoning the Clinopyroxenes.—Zoning, indicated sections 
any orientation differences the depth the natural colour, 
extinction angle, refringence optic axial angle, one the most 
widespread optical properties the pyroxenes, being present 


46° 
46° 
706 
705 51° 
706 
II IV A B 
SiO, 46-66 48-12 48-48 49-20 49°31 
TiO, 3-21 2-42 2-15 1-83 1:37 
Al,O,; 5-76 3-58 4-08 3-33 2-62 
Fe,O, 1-84 1-80 1-46 1-85 1-90 
FeO 7-22 9-45 10-00 5-30 13-97 
MnO 0-13 0-20 0-19 0-18 0-25 
MgO 12-18 11-58 10-90 15-03 10-26 
CaO 22:21 22-09 21-66 23-33 20-47 
Na,O 0-81 0-70 0-67 0-40 Ou 
K,O 0-10 0-12 0-08 tr tr 
H,O+ 0-14 0-19 0-17 
H,O—- tr. 0-01 tr. 0-02 0-03 0-05 
Total 100-32 
Sp. Gr. 3-42 
Ca 49 48 47 47 47 44 
Mg 37 37 34 33 42 30:5 
Fe 14 15 19 20 ll 25:5 
1-705 
1-732 
0-027 
45° 
Z = mauve, 
60 
73 
Ang-Any 
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approximately per cent those crystals selected for measure- 
ments. the simplest type zoning, only two zones (the crystal 
core and margin) are present. distinct, the zonal boundaries the 
case are parallel typical pyroxene outlines (Text-fig. 1A). 
The pyroxene outlines the inner zone may persist even where the 
crystal whole allotriomorphic against adjacent feldspar 
(Text-fig. 1B). The above relationships may persist when more than 


1.—Various types zoning clinopyroxenes. Reversed 
zoning. Oscillatory zoning. Hour-glass structure combined 
with oscillatory zoning. Zoning complex type (showing trend). 


two recognizable zones are present, resulting general the repetition 
the optics certain zone, the zoning oscillatory. With 
increasing zonal complexity, well-developed hour-glass and sector 
zoning may developed, accompanied oscillatory zoning (Text- 
fig. 1C). the most complex type zoning, idiomorphic and 
allotriomorphic crystals alike, zoning revealed several isolated 
areas, generally allotriomorphic, whose outlines bear apparent 
crystallographic relationship the final crystal outlines (Text-fig. 1D). 

Both refractive index and determinations single crystals and 
observations the Becke line during Universal stage work, indicate 
that during zoning, increase the refractive indices accompanied 


MARGIN 


decrease (Table 1). Taking ideal values the average 
lower and upper refractive indices (Table 2), namely 1-699 
correspond calculated values 52° and 47° respec. 
tively, using the formula Wright (1951). These values may 
compared with measured values 52° and 45° respec. 
tively. 

attempting assess compositional changes with zoning the 
pyroxenes under discussion, the relationships between values 
adjacent zones are used. These relationships are: (i) 
(iii) repetition certain values those cases where more than two 
zones are present, i.e. oscillatory zoning. 

Type (i), involving increase refractive indices with decrease 
2V, appears the general sequence zoned igneous clino- 
pyroxenes (Barth, 389; Hutton, 1943, 357; Benson, 1944, 
79; Walker and Poldervaart, 1949, 642), and interpreted 
the pyroxene showing increase iron the expense magnesia 
lime, i.e. enrichment the later differentiates iron. This 
the normal sequence encountered zoned olivines. Bowen (1914, 
pp. 252-3) showed that for members the diopside-clinoenstatite 
series, decreases with decreasing lime, relationship observed also 
common clinopyroxenes (Hess, 1949). Such relationships not 
appear hold for the consistently lime-rich titaniferous diopsides 
salites alkali olivine-basalt magma, which possess some ‘cases 
ranges Although the results are not strictly quantita- 
tive, combined y/\c and data adjacent zones consistent with 
the trend the increasing content outlined above (after Tomita, 
1934, Fig. 4). 

However, statistical studies indicate that 30-40 per cent those 
pyroxenes examined the Universal stage reveal reversed zoning, 
with 2Vmargin Similar pyroxene zoning has been recorded 
Murray (1954, pp. 19-20), Benson and Turner (1939, pp. 62-3), 
Benson (1944, 101; Table IV), Walker and Poldervaart (1949, 
643) and Kuno (1936). The last three examples occur tholeiitic 
rocks. 

zonal change involving pyroxenes outside the series 
revealed the occasional development usually discontinuous 
green pyroxene around the mauve salite cores. The change pro- 
gressive one, through salite aegirine-augite aegirine, and most 

the teschenites from the upper levels the sill where 
aegirine sometimes present isolated individual crystals. The 
aegirine has the following optical properties: olive green, 


a 4 
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(1-760) may compared with that aegirine from the Libby 
Stock, Montana, with 1-768 and containing 62-82 per cent 
NaFe Si,O, (Goranson, 1927, 38). 


Some ASPECTS THE CLINOPYROXENE CHEMISTRY 


Since optical studies failed reveal any marked characteristic 
clinopyroxene trend, analyses were carried out the bulk pyroxene 
from rocks representing extreme products the teschenite differentia- 
tion namely specimens and H8, from the lower and 
upper levels the intrusion respectively (Table Analyses and 
The limited compositional changes revealed these analyses 
discouraged analyses bulk pyroxene 
from teschenites intermediate height between and H8. order 
stabilize the trend indicated the above compositions, the bulk 
clinopyroxenes were separated into fractions with differing magnetic 
properties consequence the zoning), using the isodynamic 
separator (Table Analyses and 

Despite increase titania the teschenites with differentiation, 
the titania contents the associated clinopyroxenes decrease. This 
trend may contrasted with the behaviour TiO, differentiated 
Karroo and Skaergaard clinopyroxenes (Walker and Poldervaart, 
1949, 642; Muir, 1951, 696). The TiO, content the bulk 
clinopyroxene from teschenite namely 3-21 per cent, higher 
than would average for clinopyroxenes this type. believed 
that the trend titania the Black Jack clinopyroxenes closely 
both the composition and position the crystallization 
sequence the associated iron ores. the earliest consolidation 
products, typified the early separation idiomorphic 
titaniferous magnetite (itself compared with the later ores 
resulted relative enrichment titania the later magmatic fractions 
from which the clinopyroxene crystallized. This titania-rich environ- 
ment the period pyroxene crystallization, facilitating the entry 
TiO, into the pyroxene structure, was not repeated the teschenites 
the upper levels the intrusion. these rocks, clinopyroxene 
generally separated before the bulk the iron ore (generally highly 
skeletal) and consequently contained lower but more normal TiO, 
content. This later ore shows enrichment titania. 

Alumina relatively high (approximately per cent) the pyroxenes 
crystallizing higher temperatures the base the sill, recalling 


These rocks are situated either end iron-enrichment curve 
alk.-total Fe-Mg variation diagram, based eight teschenite analyses 
from varying levels the sill. considered that the optimum degree 
iron-enrichment should revealed the minerals from these 
rocks. 


The associated magnetites have been analysed. 


common feature titaniferous clinopyroxenes (cf. Dixon and 
Kennedy, 1933). 

Both and magnesia are relatively high all analyses, establishing 
the pyroxenes members the diopside-hedenbergite series. Both 
oxides exhibit slight decrease (very small the case CaO) with 
differentiation. The antipathetic relationship between iron 
and magnesia clinopyroxenes from differentiated basic magma 
now well known. The most iron-rich analysed clinopyroxene from 
the Black Jack intrusion appears exceeded this respect only 
three other clinopyroxenes alkali parentage (Murray, 
1954, Table Analysis 31H; Wilkinson, 1956b, Table Analyses 
and 46). 

The soda content (average 0-7 per cent) perhaps slightly higher 
than normal, and would indicate very slight introduction the 
acmite molecule, but not amounts sufficient reflected 
increase (cf. Hess, 1949, Analyses and 40; Yagi, 1953, 
Table 4). 

Table the formulae the clinopyroxenes are given basis 
six oxygen atoms. Aluminium replacing silicon tetrahedral 
co-ordination all four pyroxenes. pyroxenes II, and there 
more than sufficient satisfy the deficiencies the group. 
only analysis that the vexing position titanium the 
formula arises. this case, the assumption direct replacement 
least part the satisfies the requirements the pyroxene 


TABLE 3.—FORMULAE CLINOPYROXENES OxYGEN ATOMS 


Magnesia-rich fraction pyroxene from 


Bulk pyroxene from 
Bulk pyroxene from H8. 


Iron-rich fraction pyroxene from H8. 
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formula (cf. Barth, 1931, 223; Dixon and Kennedy, 1933, 115; 
Deer and Wager, 1938, 17; Sahama and Rankama, 1950, 561; 
Muir, 1951, 698; Yagi, 1953, 781). the bulk clinopyroxene 
from the lower and upper levels the sill the group and 
respectively) remains almost constant, the principal replacement 
therefore being for Mg. only the Mg- and Fe-rich fractions, 
where the group falls 0-942 and 0-932, that slight replacement 
occurs, but not any scale induce distortion the 
pyroxene structure, with possible re-entry preserve structural 
stability (cf. Edwards, 1942). 


THE CRYSTALLIZATION TREND THE CLINOPYROXENES AND THEIR 
RELATIONSHIPS THE PARENT ROCKS AND ASSOCIATED MINERALS 


Text-fig. the analysed clinopyroxenes have been plotted 


trends the Black Jack and Garbh Eilean Sills. 
A-A’ Black Jack clinopyroxenes (Analyses I-IV, Table 2). 
B-B’ Garbh Eilean clinopyroxenes (Murray, 1954). 


crystallization trend essentially parallel the join, and 
except for slight initial downward trend, reveals tendency 
enter the fields augite ferroaugite. All four pyroxenes plot the 
field The Garbh Eilean clinopyroxenes, although slightly 
more lime-poor, possess similar trend and compositional variation 
(Text-fig. 2). 

Text-fig. fifth pyroxene composition based optics has 
been added indicate that the trend individual crystals may 
extend beyond the limits indicated analytical data. The unzoned 
question occurs micrographic intergrowth with plagio- 
clase teschenite from the roof the sill. Its optical 


HEDENBERGITE 


iron-rich crystal encountered during the investigation. Assuming 
titania content approximately per cent, the corrected index 
(after Segnit, 1953, 222) suggests composition close 
(Hess, 1949, 634). 


Comparative data the degree iron enrichment between the 


ATOMIC 


3.—Relationships between the Black Jack clinopyroxenes and 
their associated olivines. Solid 
Open-circle—clinopyroxene composition from optics. Solid lines— 
joins analysed bulk pyroxene with co-existing olivine. Dashed 


lines—joins involving the most iron-rich pyroxene the 
intrusion. 


clinopyroxenes (recalculated terms and Fe) and their 
associated olivines given below (atom per cent Fe). the teschenites, 
widespread undersaturated analcitic residuum prohibits any reaction 
relation involving olivine form orthopyroxene, and the ferro- 
magnesian assemblage consists solely olivine-salite. 


30* 
Bulk chemical analyses other compositions from optical data. 


The olivine richer ferrous iron and undergoes considerably 
greater iron enrichment than the associated clinopyroxene (Text-fig. 3), 
relationship generally present similar minerals from the Garbh 
and tholeiitic Skaergaard intrusions. 

With progressive differentiation the teschenites, differences 
between the ratio (FeO 100) for clinopyroxene and parent 

rock increase markedly (Table 2). The plot both the teschenites 


DIOPSID 
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and associated clinopyroxene CaO, MgO, FeO diagram 
(molecular per cent) also emphasizes the slight compositional variation 
exhibited the clinopyroxene, compared with the parent rock. The 
relatively small range composition the Black Jack and Garbh 
Eilean clinopyroxenes, compared with the associated minerals and 
parent rocks, may contrasted with clinopyroxene behaviour 
tholeiitic intrusions showing medium strong fractionation, which 
the principal pyrogenetic minerals undergo compositional changes 
similar amount. Such relationships have been discussed detail 
elsewhere (Wilkinson, 1956b). 

Although there variation (due part zoning individual 
crystals) the principal refractive indices the clinopyroxenes from 
different levels the intrusion, this variation not systematic one, 
despite the fact that the pyroxene analyses show enrichment iron. 
The decreased titania content the upper pyroxenes tends mask 
the degree iron enrichment, evidence for this sought 
refractive index values alone. 

seems reasonable conclude that the presence reversed 
zoning implies increase magnesia the expense iron the 
outermost zones, such variation being agreement with optical 
properties. Kuno (1936, 137) and Benson and Turner (1939, 69) 
have recorded clinopyroxenes whose outer zones have been enriched 
magnesia. uncertain factor the accurate assessment zonal 
variation the absence any precise knowledge concerning the effects 
variable titania the optical properties, particularly (cf. Segnit, 
1953, 222). However, analytical data would indicate TiO, 
difference the order per cent between zones differing 
iron content, average figure assumed present the drawing 
optical properties/chemical composition diagrams (Hess, 1949, 
633). 

The enrichment the outer zones the pyroxene crystals 
magnesia may arise part from several mechanisms. The injection 
through the crystal mesh hotter fluid magma, enriched magnesia, 
may well contributing factor. the upper portion the sill, 
certain olivines more magnesian than would expected from their 
position, suggest the presence such magnesia-rich pulses. Reversed 
zoning may result also from early-formed crystals completing their 
crystallization after transference slightly lower levels the sill, 
these levels being richer magnesia relative iron, and where 
crystallization was incomplete. These mechanisms are similar those 
proposed Bowen (1928, 275) and Vogt (1923, pp. 249-50) 
explain reversed plagioclase zoning. the latter type environment, 
fractional resorption the earlier pyroxene crystals may occur, 
resulting allotriomorphic relics relatively iron-rich pyroxene 
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more magnesian host. Oscillatory zoning may consequence 
crystals settling more magnesian portion the magma and then 
being carried upwards again into slightly more ferriferous layers 
(cf. Fenner, 1926, 703). Krokstrom (1937, pp. 158-9) has suggested 
that pyroxene reversed zoning may result from diffusion processes 
between nuclei differing composition. 

The most significant fact arising from the presence reversed zoning 
that the compositional variation given bulk pyroxene, 
indicated chemical analyses, tends less than normal variation 
alone occurred. Analytical data indicates that given quantity 
clinopyroxene extracts approximately constant amounts CaO and 
from the magma, whilst differentiation proceeds, slightly 
more FeO needed for its formation. the normal teschenitic facies 
(e.g. and H8), the CaO content does not fall below approximately 
per cent, rocks representing the beginning and end crystalliza- 
tion. Higher values result from increase the modal pyroxene 
and plagioclase the rocks themselves, despite the presence 
variable amounts lime-poor alkaline mesostasis. the later 
stages differentiation, less plagioclase precipitated (as indicated 
modal analyses), simultaneously with decrease its content. Con- 
sequently more lime was available for the formation clinopyroxene, 
the only other significant mineral requiring CaO for its formation, 
the requisite FeO and are also available. This appears have 
been the case certain teschenites from the roof the sill, carrying 
modal pyroxene excess (29 volume per cent) the amount present 
the typical lower teschenites (20-23 volume per cent). increase 
the modal clinopyroxene the upper levels sills alkali 
parentage has been described commented 
Allen (1924, 494; 1931, 314), Flett (1930, 70) and Walker 
(1930, 388). 

those teschenites from the upper portions the Black Jack sill 
carrying increased pyroxene, this mineral tends idiomorphic 
against plagioclase, indicating earlier precipitation than usual. this 
increased pyroxene utilizes the additional lime available, the remaining 
magnesia and ferrous iron the residual liquids are available for 
olivine, which such rocks may late formation and strongly 
ophitic with feldspar. When this olivine appears, more strongly 
enriched iron (e.g. than were early the crystalliza- 
tion sequence. The more fayalitic character such late olivine 
due part certain amount control exerted the rock chemistry 
the relatively unchanged clinopyroxene composition, for its early 
precipitation tends further enrich the residual liquids iron relative 
magnesia. The clinopyroxene still withdrawing magnesia 
amounts similar those the beginning crystallization, but under 
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magmatic conditions where magnesia decreasing whilst ferrous iron 
remains constant even reveals slight increase. 
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Banded Olivines some Scottish Carboniferous 
Olivine-Basalts 


HAMILTON 
(PLATE 


ABSTRACT 


Large, individual olivine crystals exhibiting banded structure 
are described from olivine-basalts from number localities 
the Carboniferous lavas the Midland Valley. This structure 
deformational nature and provides what seems sound 
criterion for distinguishing between phenocrystic and xenocrystic 
olivine olivine-basalts. 


INTRODUCTION 


LIVINES showing banded structure are found olivine-basalts 
Calciferous Sandstone age the Midland Valley Scotland, 
the following widely separated localities 


(a) Knockupple, intrusive plug, three-quarters mile north 
the northern edge the western Kilpatrick Hills lavas, Dumbarton- 
shire 

poorly exposed flat-lying feature which may either flow 
intrusive sill, occurring lava pile the south-western end 
the Kilpatrick Hills 

(c) the Whinny Hill intrusion and 

the Lion’s Haunch vent intrusion, both Arthur’s Seat 
volcano, Edinburgh. 

The Whinny Hill intrusion basalt Craiglockhart type, the 
others being Dunsapie type (MacGregor, 1928). The Knockupple 
rock porphyritic basalt with platy crystals labradorite 
6mm. long, brown, non-pleochroic, slightly corroded, augite crystals 
long, and large olivines. The olivine phenocrysts are 
rounded euhedral crystals 3-5 mm. length. Serpentine-filled 
cracks subdivide some crystals but others the cracks are limited 
the edges, and cleavage occasionally present but general 
poorly developed. The groundmass composed small crystals 
labradorite, augite, magnetite, and olivine. The olivines are rounded 
and segmented serpentine-filled cracks. The rock fresh and there 
very little secondary material apart from the serpentinized cracks 
traversing the olivines. modal analysis given Table 

The rock from the lava pile the Kilpatrick Hills and that from the 
Lion’s Haunch differ from the above only minor detail. The 
proportions olivine the two rocks are given Table 

The Whinny Hill rock differs from the others that the feldspars 
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not exceed mm. length. all other respects very similar 
the rocks described above. 

evidence suggesting that the rocks containing the banded olivines 
have suffered any deformation metamorphism has been observed, 


BANDED OLIVINES 


The composition the olivines was determined optic axial angle 
measurements zoning was found (Tomkeieff 1939) and measured 


TABLE 

(a) (d) 


etc. 


(a) Olivine-basalt Dunsapie type from Knockupple, Dumbartonshire. 
Olivine-basalt Dunsapie type from the lava pile, Kilpatrick Hills. 
(c) Olivine-baslat Dunsapie type from the Lion’s Haunch. 

(d) Olivine-basalt Craiglockhart type from the Whinny Hill. 

(The modal analyses were made Swift Point-counting stage.) 


some crystals. significant variation average composition was 
found the olivines the four rocks. The composition the banded 
olivines ranges from approximately the centre the crystals 
approximately the margin. 

The banded olivines are macrophenocrysts and occur individual 
crystals which show tendency form groups clusters. They are 
identical the other large, unbanded olivines the rock size, 
degree rounding, and composition. The banded crystals can 
distinguished from the others only when near extinction position 
between crossed nicols. the olivine macrophenocrysts any one 
thin section only about one ten shows banded 
estimate probably slightly low there preferred orientation 
the olivine crystals the specimens examined and the bands would 
invisible olivines cut parallel nearly parallel (100). 

The bands are varying width and are always sub-parallel (100). 
When best developed they extend completely across the crystal, but 
discontinuous bands, occupying approximately the 
lographic position and probably the same nature, have also been 
observed. The deviation the band boundaries from (100) varies 
from almost 10°, and the optic directions each band crystal 
are displaced from those contiguous bands. The edges 
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the bands all the crystals examined could seen only between 
crossed nicols. There sign physical break parting between 
the different bands. 

(010) cleavage present some the crystals but poorly 
developed and the behaviour cleavage plane crosses band 
boundary could not definitely determined. 

one olivine crystal from Knockupple (Plate III, fig. there are five 
bands which the measureable optic directions are and and 
crystal axes). The shift optic directions across the bands such that 
band very nearly the same orientation band and band 
nearly the same position band Measured from the position 
band the axes bands and are displaced approximately 
and the axes bands and are displaced further the same 
direction. 

Plate III, fig. shows olivine crystal from the Lion’s Haunch 
intrusion Arthur’s Seat. this crystal there are three bands and the 
optic directions each are displaced 2°-3° from those its 
neighbours. 

Plate III, fig. shows example from Knockupple, which the 
bands are not continuous across the crystal. The uppermost edge 
the longer the dark bands the photograph plane inclined 
nearly 10° (100) the main part the crystal. The other edges 
not appear planar. Otherwise the feature seems the same 
nature the other examples. 

number workers have described from various localities olivine 
crystals with banded structures similar those found the present 
author. Particular mention may made papers Phillips 
Myers (1954). 

Where banded olivines have been seen basalts the past they 
have been olivine-nodules which are considered xenoliths 
derived from some pre-existing peridotite but the examples described 
above demonstrate that single olivine crystals showing banded structure 
occur several Scottish olivine-basalts. 

The origin these crystals must now discussed. They may have 
originated phenocrysts may have been acquired xenoliths from 
some pre-existing olivine-rich rock. 

the conclusion his work the petrology the Hawaiian 
Islands, Washington (1923) states that The very femic xenoliths 
appear present Hawaii only lavas that are very femic and 
olivine, far can judged present from studies and 
from the observations others. 

MacDonald (1949), describing basic xenoliths basalts from 
Haulalai states The margin the dunite against the enclosing lava 
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shows evidence chemical reaction between the two, but the dunite 
was obviously disintegrating mechanically. The margin irregular, 
controlled the edges olivine grains, and narrow tongues lava 
extend along fractures into the 

Dunite nodules breaking this fashion will eventually 
number separate olivine crystals and the Scottish examples may 
have originated this way. But, since olivines dunites are not all 
banded, large number the single crystals produced from disinte- 
grated nodule may indistinguishable from phenocrysts. They will 
separable only they show banding some other deformational 
character. The statements made Washington and MacDonald 
quoted above, raise the question how many the large olivine 
phenocrysts olivine-basalts have crystallized from that melt and how 
many are fact xenocrysts from broken nodules. 

Statistical work Turner (1942) has shown that Flow basic 
lavas containing suspended prismatic olivine crystals fails produce 
space lattice orientation There the other hand 
much evidence (e.g. Phillips, 1938, and others) that banded structures 
develop olivine under the stresses attending the intrusion 
largely crystalline olivine-rich magma. seems possible that, some 
cases, olivine phenocrysts basaltic magma may involved 
similar local stresses if, during final emplacement, the magma 
largely crystalline. the olivine orientation random, may that 
few crystals the most favourable position for crystal gliding 
coincided with local shear direction and banded was 
produced. 

The bands formed the latter mechanism should have local 
preferred orientation, whereas those derived the former process 
should show random orientation. Unfortunately, since only one 
ten the olivines banded, i.e. only one perhaps two crystals 
each thin section, the writer has not found practicable make 
statistical study the olivine bands. 


CONCLUSION 


Olivines showing banded structure have been reported from large 
number widely separated localities. all previously reported cases, 
the banded crystals have been dunite, peridotite allivalite, 
xenolithic nodules basalts and limburgites. The examples reported 
above from the Scottish Carboniferous basalts show that single 
banded olivine crystals occur. These, together with many the un- 
banded olivines the basalts, may have been derived from disinte- 
grated xenoliths, they may phenocrysts which have been de- 
formed local shear during the closing stages emplacement 


’ 


GEOL. 1957. 


< 
= 
n 
Q 
Q 
< 
[oe] 


Fic. 


Banded Basalt 139 


largely crystalline basalt magma. statistical study the orientation 
the olivine bands may provide solution this problem. 
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EXPLANATION PLATE 


Fic. 1.—Olivine from Knockupple. light (6) crossed nicols. 
Long diameter crystal 1-8 
Fic. the Lion’s Haunch, Arthur’ Seat. Crossed nicols. Diameter 


1-9 mm. 
Fic. Knockupple. Showing discontinuous bands between crossed 
nicols. Long diameter mm. 


Illustrating the Laws Morphometry 


RICHARD CHORLEY 


ABSTRACT 


The new approach quantitative morphometry, initiated 
Horton (1945), has resulted the recognition, measurement and 
comparison the basic units landscape geometry; the applica- 
tion them the principles governing the behaviour open 
physical systems; and the testing and quantifying the Davisian 
principles landscape evolution. The laws morphometry are 
here illustrated from three regions maturely dissected sandstone 
terrain, lacking differential gross structural control, and 
discovered that uniform, dimensionless ratios hold for their 
geometry. 


INTRODUCTION 


ORTON’S (1945) laws morphometry were based upon 

system stream numbering, which, because certain sub- 

jective features, was revised Strahler (1953a), explained Miller 

(1953). This has enabled new laws added those Horton 

which are still found apply, and with statement these laws, 

together with their quantitative expression and comparison for three 
regions insequent drainage, that this paper concerned. 


REGIONS STUDIED 


Three areas were selected for study (Chorley, press) each having 
been subjected complete, insequent, fluvial dissection and all 
completely underlain sedimentary sequences, the overwhelmingly 
predominant constituent which sandstone. each instance the 
composing drainage basins are generally the stage topographic 
maturity, with mean regional hypsometric integrals (Strahler, 1952) 
between per cent and per cent; analysis variance 
(Walker and Lev, 1953) showing significant difference between 
them F.,;). Thus the laws morphometry can here 
applied under assumed steady state conditions, which are manifested 
the low standard deviations within, and the significant differences 
between, discrete morphometric units (Chorley, press). 

The three areas include 

(1) The Exmoor region Somerset and Devon. Here thirteen 
fourth and fifth order drainage basins, having mean relief 1,067 
feet and mean hypsometric integral 55-87 per cent, were selected. 
These embrace most this elevated tract about miles miles 
extent, rising from sea-level maximum 1,706 feet. The 
region underlain some 20,000 feet Devonian rocks, from the 
Foreland Grits the Middle Pilton Beds, mostly composed 
arenites, although argillites are fairly common (Dewey, 1948), 
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dipping the south angles the means which range 
30°. Because the earlier development erosion surfaces 
(Balchin, 1952) and the relative similarity resistance erosion 
the Devonian rocks, this locally steep dip exerts little structural 
control over local morphometry; except that the shapes the three 
basins paralleling the strike the beds are more elongate than the 
rest, having mean value (Chorley, Malm, and Pogorzelski, 
press) 3-17, compared with the mean 1-94 for the remaining 
ten basins. 

(2) Cameron and Potter Counties, north-central Pennsylvania, 
where eight third, fourth, and fifth order drainage basins, 
having mean relief 1,317 feet, and mean hyposometric integral 
per cent, were studied. These are maturely incised into more 
than 1,500 feet regionally horizontal Devonian and Carboniferous 
rocks, including the Chemung the Allegheny formations, the suite 
being composed overwhelmingly arenites (Ebright and Ingham, 
1951; Moore, 1944; Sheafer, 1885; and Sherwood, 1880). Local 
dips, controlled low anticlinal structures, average less than 
and, although dips occur places, differential regional 
structural control minimum. 

(3) Winston, Cullman, and Lawrence Counties, Alabama, U.S.A., 
from which seven fifth and sixth order drainage basins, having mean 
relief 420 feet, and mean hypsometric integral 57-46 per cent, 
were selected. The underlying bedrock made feet 
Pottsville arenites, conglomerates and arkoses (Adams, Butts, Stephen- 
son, and Cooke, 1926), dipping south-south-west 2-5°. 

Morphometric studies and comparisons the first two regions 
were made the basis Ordnance Survey :25,000 maps Exmoor 
(Nos. 21/43, 44, 53, 54, 63, 64, 73, 74, 83, 84, 93, 94) and 
Geological Survey 1:24,000 maps Pennsylvania (First Fork, 
Cameron, Wharton, and Emporium Quadrangles). Strahler (1950, 
690-693) has defended the use recent maps this scale for 
morphometric work regions coarse texture dissection (Smith, 
1950). The mean measured drainage densities Exmoor, Pennsylvania, 
and Alabama are 3-16, and 8-67 respectively. For the third 
region, the choice which was determined climatic considerations 
(Chorley, press) rather than purely available map accuracy, 
U.S. Geological Survey maps scale :62,500 (Danville and 
Mt. Hope Quadrangles) were photographically enlarged 1:31,726 
enable greater ease and accuracy delimiting the features land- 
scape geometry. spite the questionable relative accuracy the 
measurements for Alabama, will seen how surprisingly con- 
sistently they are capable comparison with corresponding measure- 
ments from the other two regions. 
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THE MORPHOMETRY 


First Law commonly termed the Law Stream Numbers (Horton, 
1945, 291): The numbers streams different orders given 
drainage basin tend closely approximate inverse geometric series 
which the first term unity and the ratio the bifurcation ratio,” 

This law has been compositely tested for the three regions (Text-fig. 1), 


NUMBER OF STREAM SEGMENTS. 


STREAM ORDER. © 


1.—The Law Stream Numbers. 


using all basin measurements each instance, except that orders above 
the fourth were disregarded because the relatively small sample 
these streams less reliably representative than those lower orders. 
This combining data from several basins single region give 
composite sum mean value has been performed illustrate all 
five laws morphometry. The first term the series (i.e. the number 
streams the highest order) would not, for this reason, 
even appeared. The regressions shown Text-fig. were calculated 
the method least squares, and should noted that the mean 
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bifurcation ratio represented the regression coefficient 
(Maxwell, 1955), such 


For Exmoor, Pennsylvania, and Alabama the calculated mean bifurca- 
tion ratios (Horton, 1945), obtained averaging the quotients given 
dividing the number streams one order the number 
streams the next highest order were 3-99 and 4-67, 
respectively. These compare closely with those obtained from the 
regression coefficients; 4-11, 4-01, and 4-80. should noted that 


MEAN LENGTH OF STREAM SEGMENTS T, 


STREAM ORDER. @ 


2.—The Law Stream Lengths. 


the weighted mean bifurcation ratio (Schumm, 1956) can only properly 
compared with the coefficient regression which has been 
calculated that unequal weight given each the plotted points. 

Second Law: termed the Law Stream Lengths (Horton, 1945, 
291): The average lengths streams each the different 
orders drainage basin tend closely approximate direct geo- 
metric series which the first term the average length streams 
the first order and the ratio the length ratio. 

Text-fig. compositely illustrates this for the three regions and the 
calculated regressions apparent that the regression coefficient 
comparable with the mean length ratio which can otherwise 
calculated the mean ratio the mean stream lengths one order 


represents stream order throughout the text. 
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that 

where like K,, constant. 

The calculated mean length ratios for Exmoor, Pennsylvania, and 
Alabama were and and these are respectively com- 
parable with the regression coefficients 2-22, 2-03, and 2-01. The 
fit the regressions the plotted points not good might 


TOTAL LENGTH OF STREAM SEGMENTS. 


STREAM ORDER. © 
3.—The Revised Law Stream Lengths. 


expected, perhaps due the revised system stream numbering, 
and marked concavity, here most apparent the plots for Exmoor 
and Alabama, has been commonly noted. Strahler (1956), therefore, 
has suggested revision this law whereby the logarithms total 
stream lengths each order (log are plotted against the 
logarithms the stream orders (Text-fig. 3). Thus revised Law 
Stream Lengths may stated, follows: The total lengths 
streams each the different orders drainage basin tend closely 
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approximate inverse logarithmic series which the first term 
the total length streams the highest order. 

Third Law: termed the Law Stream Slopes (Horton, 1945, 
295): There fairly definite relationship between slope the 
streams and stream order, which can expressed inverse 
geometric series law.” This can illustrated for the three regions 
(Text-fig. plotting the logarithm the mean stream slope against 


STREAM ORDER. 
4.—The Law Stream Slopes. 


the order. this instance, two measurements are involved 
calculating slope (stream length and amount elevation difference 
along it) and this perhaps allows for the lesser degree accuracy 
the Alabama maps become most graphically apparent. Similarly, 
the preceding laws, the regression coefficient theoretically 
mean slope ratio which represents the mean ratio 
between the mean slope streams given order and that 
streams the next highest order 

Fourth Law termed the Law Drainage Basin Areas (Schumm, 
1956, 606): The mean drainage basin areas streams each order 


a> 
° a 
6 
2 a 5 


146 Chorley— 


tend approximate closely direct geometric series which the 
first term the mean area the first order basins.” this, course, 
can added that the coefficient the fitted regression represents 
the mean area ratio The regression is, therefore, the general 
form 

and the calculated mean area ratios for Exmoor, Pennsylvania, and 
Alabama 4-78, 4-90, and 4-44 compare with the regression coeffi- 
cients 4-69, 4-77, and4-17 respectively (Text-fig. 5). The mean areas 
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MEAN BASIN AREAS. 


STREAM ORDER. © 


5.—The Law Drainage Basin Areas. 


first order drainage basins are omitted because their difficulty 
delimitation and measurement maps this scale, and, the 
preceding instances, averages are used all basins each the 
three regions. 

Fifth Law which expresses the relationship between drainage basin 
areas and the sum the channel lengths which are supported these 
contributing areas (Schumm, 1956, 607). This has been modified 
Strahler (1956) and may, perhaps, stated the following form 
Schumm’s Law Contributing Areas: The relationship between 
drainage basin areas each order and the total stream lengths con- 
tained within, and supported by, these areas direct logarithmic 
function, the regression coefficient which unity, and the value 
the area when the total stream length unity equals 
Constant Channel Maintenance. This illustrated Text-fig. and 
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note that the intercept the ordinate the value the area 
which supports total stream channel length unity (such that 
log equal zero) and this is, definition, the Constant 
Channel Maintenance (C). The relationship between this Constant 
(being equal the reciprocal the drainage density) and the cal- 
culated mean drainage density (Da) for each the three regions 
shown; analysis variance (Walker and Lev, 1953) indicating 


AREA. 


CONTRIBUTING 


LOG TOTAL STREAM LENGTH, 


3.25 3.16 EXMOOR 
5.01 4.99 PENN. 


LOG 


8.69 


6.—Schumm’s Law Contributing Areas. 


significant difference between the three calculated mean drainage 
densities The general form this law has been 


CONCLUSIONS 


comparing the morphometry the three regions, one cannot 
but struck the similarities between the corresponding regression 
coefficients, graphically represented the parallelism equivalent 
regression lines. this mind, analyses covariance (Walker 
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and Lev, 1953) were carried out using critical level and 
was determined that there significant difference between the 
slopes the regressions Text-fig. and slope (e.g. log 4-06, 
log where 2-133), and between those Text-fig. and 
(e.g. log 4-484, where addition the above 
tests, mean areas basins were plotted against the mean lengths 


LOG 10A 


LOG 10 


7.—The dimensionless relationship between mean stream length 
and mean basin area. 


corresponding second, third, and fourth order streams for all regions 
(Text-fig. and was found that the points closely follow single 
regression line, best fitted the form:— 


analysis covariance supported the hypothesis that single 
regression line, with regression coefficient 1-7, fits all three sets 

These tests indicate that, for these regions least, the bifurcation, 
length and area ratios are not significantly different and that constant 
relationship holds between mean basin areas and stream lengths, 
irrespective the absolute dimensions involved, and where the relief 
amounts and the drainage densities are significantly different. 
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extrapolate this principle similitude more widely impossible 
because 


(1) The paucity published data complete with calculated 


(2) The lack significant difference stage development 
between the three regions (Chorley, press), estimated terms 
the hypsometric integral (Strahler, 1952). Significant differ- 
ences stage may effect the geometrical landscape ratios. 

(3) The unknown influence geological structure upon morpho- 
metry regions other than those more less homogeneous 
local bed-rock resistance erosion. 


(4) The unknown differing degrees accuracy the maps 
employed. 


(5) The unknown operator variance the measuring landscape 
geometry. 


(6) The unknown effect drainage basin shape. 


would short sighted indeed, however, ignore the possibility 
that some geometrical features erosional topography, developed 
steady state regions uniformly behaving bed-rock, perhaps 
exhibiting similar drainage basin shapes, may present ratios between 
various elements which not vary significantly; thus identifying 
these landscapes dimensionless quality (Strahler, 1953b) and giving 
universal significance the laws morphometry, which were 
initially developed apply only individual drainage basins. 
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The Cenomanian Compound Coral, Aspidiscus cristatus 
(Lamarck), from Nezzazat, Western Sinai 


PLATES 


ABSTRACT 


Aspidiscus cristatus (Lamarck) recorded from Western Sinai 
and full description the species given. This includes the first 
recognition the calicular pits the coral, which thus shown 


LOCATION AND STRATIGRAPHICAL (By Omara) 


Nezzazat area lies the eastern coast the Gulf Suez 

about 150 km. S.S.E. Suez. The main outcrops face the Gulf 
the region between long. 33° 13’ E., long. 33° 17’ 30” E., lat. 28° 
45” and lat. 28° 50’ 

The general structure the area involves conspicuous fault-scarp 
with regular succession strata ranging age from Cenomanian 
Lower Eocene and forming fairly constant homocline that dips 

The basal member the Nezzazat succession formed dark, 
carbonaceous, lenticular sandstone Nubian facies with intercalated 
varicoloured clays. Above this lie the fossiliferous Cenomanian 
sandstones, clays, shales, and marls, which are interdigitated with 
fossiliferous limestones characterized the abundance oysters, 
such Ostrea africana (Lamk.), flabellata (Gold.), olisiponensis 
(Sharpe), suborbiculata (Lamk.) and rouvillei The lime- 
stones are usually hard, siliceous, and ledge-forming. the upper 
horizons the Cenomanian succession tan-coloured, hard, 
siliceous limestone ledge, interbedded with grey, calcareous, gypsi- 
ferous shales that attain about metres thickness. The shales 
yield Aspidiscus cristatus (Lamarck), Ostrea olisiponensis (Sharpe) 
and africana (Lamk.), and the limestone yields numerous small 
Hemiaster sp. and also Plicatula auressensis 

Shallow-water marine conditions during the Cenomanian are 
indicated the abundance oysters and the analysis its 
foraminiferal contents (Omara, 1954). 

Small geological maps the area are given Busk (1929, 97, 
fig. 84, and 99, fig. 86). 
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Systematics (By Dighton Thomas) 


Aspidiscus 
Aspidiscus cristatus (Lamarck) 

(Plates IV, and 
1801 cristata Lamarck, 369. 
cristatus (Lamarck); Felix, 107 (cum syn.). 
cristatus (Lamarck); Renz, pl. figs. (cum syn), 
cristatus (Lamarck); Renz, (cum syn.). 
cristatus (Lamarck); Llueca, 345, pl. figs. 
1931 cristatus (Lamarck) var. bernedensis 345, pl. 

gs. 

cristatus (Lamarck); Kiihn, 180. 
cristatus (Lamarck); Meléndez, 220, text-fig. 107. 
cristatus (Lamarck); Alloiteau, 663, pl. fig. 12. 


specimens collected Dr. Omara, namely, 
Brit. Mus. (Nat. Hist.), and eight Dr. Omara’s 
Collection. 

Horizon and Nezzazat area, western coast 
Sinai, 150 km. S.S.E. Suez (see above). 

coralla, various degrees preservation and 
weathering, are circular plan and range diameter from mm, 
mm. The base flat slightly concave, the concavity two 
specimens being increased slight distortion: covered 
epitheca which shows numerous slight concentric grooves and ridges. 
The corallum domed, the height varying from specimen specimen 
from about one-third one-half the diameter. Its upper surface 
characterized relatively narrow septate marginal zone (which 
has been broken away most the specimens from the Nezzazat 
area) and wide, inner area marked conspicuous radiating, 
elongated, sharp, steep collines, which six primary are usually 
the most conspicuous: these six, one the longest and extends 
from the inner edge the marginal zone point beyond the centre, 
where may nearly join the other shorter prominent primary” 
colline along the same diameter, while the other four radiate sym- 
metrically from the apex. Thus bilateral symmetry normally given 
the corallum, though may partially, even considerably, 
modified older (larger) coralla. somewhat lower, shorter, radial 
colline usually flanked pair still shorter 
tertiary collines, alternates with each the primaries”. 
the largest specimens (e.g., R.40935, Pl. IV, figs. these 
collines consist aligned nearly aligned, circular slightly oval 
monticules, while young coralla R.40938, Pl. figs. 1a, 
they may consist single circular oval monticules. larger speci- 
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mens one two monticules may occur between the inner ends the 
“secondary collines and the apices. 

The valleys are long, straight, and angular cross-section. well 
preserved specimens R.40935, Pl. IV, figs. small, circular, 
calicular pits occur regular intervals the foot the collines, not 
only along the bottoms the valleys but also the outer ends 
the collines, and places their inner ends and round the bases 
the monticules—they are approximately mm. diameter, and 
there are from six seven mm. The septa adjacent valleys 
alternate the crests the collines, whence they run right angles 
them down the valley floors. Generally three (sometimes four 
five) septa from opposite sides enter each calicular pit and bend 
towards its centre: those (usually one from either side) passing 
between each pair pits are confluent. There are septa mm., 
their upper edges provided with equally spaced, rounded teeth (about 
Broken surfaces show the trabecular nature the septa. 

The outer marginal zone the corallum varies width from 
diameter. Its upper surface gently convex, and separated from 
the central area scalloped groove along the outer ends the 
collines which contains calicular pits. The zone characterized 
septa like those the collines but arranged radially the apex 
the corallum, i.e. the septa bear the same relation the calicular 
pits the ends the collines those the collines the pits 
along the valley bottoms. 

Remarks.—A. cristatus (Lamarck) has been recorded from the 
Cenomanian numerous regions round the Mediterranean, e.g. 
Algeria, Tunisia, Spain, southern France, Italy, Greece, Syria and the 
Lebanon, and also Persia, that its occurrence western Sinai 
not surprising. fully adequate description this 
striking species has been given, and conflicting views have been held 
others, Fossa-Mancini (1919, 144), Avnimelech (1947, 297) and 
Alloiteau (1952, 663) have considered Aspidiscus solitary, 
whereas Vaughan and Wells (1943, 135) and Wells (1956, p.F 387) 
regarded compound. one appears have recognized the 
calicular pits, which clearly demonstrate the genus compound 

The calicular pits are seen small, but well-defined, shallow, 
circular depressions only the better preserved parts specimens— 
even slight weathering very thin veneer matrix obliterates 
masks them. R.40935 IV, figs. from Sinai, shows them best, 
but others from there also exhibit them (e.g., R.40938). Careful 
specimens from other localities has revealed them 


. 
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the less worn parts number coralla, e.g., from 
Chettabah, Constantine, Algeria, from Mount Aures, 
Algeria, R.40934 from Ain Baira, Algeria and R.7578 IV, fig. 
from Beausset, N.W. Toulon, France. They also seem 
discernible the figure given Alloiteau (1952, pl. fig. 12), 
There can little doubt that these are calicular pits since they have 
the same size, disposition, and characters many specimens, and 
since the septa show some deflection towards their centres they 
enter them. Quenstedt (1880, 879, pl. 177, fig. 40) supposed that 
certain much smaller holes the crests the collines might 
calicular pits, but this clearly not the case. 

Avnimelech (1947, 297) has suggested that cristatus its 
present conception embraces too wide range forms and that 
will reasonable discern several justifiably autonomic types, 
based chiefly the differences shape and structure the, primerily 
[sic], radial, and, later, irregular ridges the [i.e. 
doubtful, however, that so. When series specimens 
assembled, the coralla, though varying size, convexity, and the 
general arrangement the collines, are seen fall into single species; 
the irregularity the disposition the collines, however, becomes 
greater the size the coralla increases (cf. Llueca, 1931, pl. 
figs. the bilateral symmetry clear, and, even 
large specimens which markedly modified (e.g., R.40936, 
fig. and R.3684, Pl. fig. 3), there still some remaining suggestion 
it. 

The species described montgrinensis Solé var. altus Menéndez 
Amor and Martinez (1952, 117, pl. 13, figs. appears 
quite distinct from cristatus. 
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(Photographs Mr. Brown) 


Aspidiscus cristatus (Lamarck) 


Fic. 1.—Specimen showing calicular pits (seen especially the right-hand 
side the photograph), B.M., R.7578, Cenomanian, 
Beausset, N.W. Toulon, Var, France. Damon Collection. 

Fic. 2a.—Specimen showing calicular pits (seen best the lower right-hand 
side the photograph), B.M., R.40935, Cenomanian, 
Nezzazat, Western Sinai. Omara Collection. 

Fics. 2b, 2c.—Parts the same specimen, showing well the disposition 
the calicular pits. 


PLATE 
Aspidiscus cristatus (Lamarck) 


Fic. showing calicular pits, B.M., R.40938, Cenomanian, 
Nezzazat, Western Sinai. Omara Collection. 

Fic. the same specimen, showing the disposition the 
calicular pits. 

Fic. 2.—A large, worn specimen, with irregularly arranged collines, 
B.M., R.40936, same horizon, locality and Collection. 

Fic. 3.—A large specimen with irregularly arranged collines, B.M., 
R.3684, Chettabah, Constantine, Algeria. 
Castelli Collection. 


Megaphyton from the Limestone Coal Group Fife 
(PLATE 


ABSTRACT 


early record the occurrence Megaphyton the Lime- 
stone Coal Group Fife has been investigated and the identification 
confirmed. The specimen here described and figured 
Megaphyton Chalmersi sp. nov. 


INTRODUCTION 


specimen now described was collected the sinking 
the Wallsend Pit, Elgin Colliery, near Dunfermline, Fife, which 
was completed 1839. detailed description the strata encountered 
the course the sinking was recorded the Rev. Peter Chalmers, 
who noted that the stratum No. the section which 
surface there has likewise been found plant which probably 
Megaphyton. pretty long stalk exhibiting projecting points 
like steps, from which the branches probably went off (1841, 328). 
Chalmers repeated his description the Wallsend shaft account 
the Parish Dunfermline (1845, 842) and added that the 
principal specimens the fossil remains which have been noticed 
are seen the new Museum the Highland and Agricultural 
Society Scotland, Edinburgh 

The collections the Highland and Agricultural Society Scotland 
were subsequently transferred the Edinburgh Museum Science 
and Art, now the Royal Scottish Museum, Edinburgh, and the 
specimen described Chalmers, still bearing its original label with 
the inscription Megaphyton, Wallsend Pit, Elgin Colliery, fathoms 
from the now included the fossil plant collection 
that Museum (No. 1859.490.16). The record the strata Wallsend 
Pit given Chalmers also preserved the files H.M. Geolo- 
gical Survey, Edinburgh (Survey Record, Fife N.E./1). According 
the correlations adopted the Survey, the sinking started 
horizon short distance below the Index Limestone and continued 
downwards through the Limestone Coal Group. Stratum No. 91” 
lies some 120 feet below the Black Metals marine band and bed 
sandstone between the Mynheer Coal and the Pittencrieff Black- 
band Ironstone. 

The specimen preserved cast sandstone. one side, 
which for purposes description may called the front, there 
vertical row three leaf scars VI, fig. 1). The middle scar best 
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preserved and crescentic shape with marked axillary depression. 
Within the field the scar crescentic black line can seen which 
probably indicates the position simple U-shaped leaf trace. 
Although somewhat distorted, the upper and lower scars show the 
same features. the back surface poorly preserved leaf scar 
occupies position indicating that the arrangement the leaves was 
opposite and alternate. The leaf bases are protuberant for some 
below scars VI, fig. 2). 

the sections exposed the ends the specimen thin black 
line can seen which probably represents the carbonized remains 
hollow cylindrical stele broken only the emission the leaf 
traces VI, fig. and its course the lower surface shows that 
the foliar gaps closed below the level the next leaf base above. 
Some irregular branching from the carbonaceous line suggests the 
possibility medullary strands but more probably due partial 
fragmentation during fossilization. 

The outer surface rough with thin carbonaceous coating and 
some scattered remnants coaly layer, and shows sign 
root zone. 

The form genera Megaphyton and Caulopteris are together con- 
sidered equivalent stems which, when found the petrified 
condition, are referred Psaronius. The earliest known species, 
Renaulti, comes from the Lower Coal Measures Lancashire and 
probably petrified Megaphyton (Scott, 1920, 276; Kidston 
Crookall, 1955, 65). has simple hollow cylindrical stele broken 
only the emission leaf traces and this respect resembles the 
specimen described here. 

Great Britain Megaphyton known from rocks both Lower 
and Upper Carboniferous age. very rare, however, Lower 
Carboniferous (Crookall, 1955, 65). Only two species, 
circulare and obscurum, each represented single specimen, 
have hitherto been recorded from Lower Carboniferous horizons 
(ibid., 77). Both these specimens were collected above the Steam 
Coal, horizon some distance above the Black Metals marine band 
the Limestone Coal Group Stirlingshire and have thus, following 
traditional Scottish practice, been regarded Lower Carboniferous 
age. should noted however, that recent work the sequence 
goniatite zones indicates that the Limestone Coal Group Scotland 
probably falls within the Lower Eumorphoceras (E,) stage the 
Namurian and would thus more generally included the Upper 
Carboniferous (Currie, 1954, 535). 

far can ascertained the specimen from Wallsend Pit bears 
close resemblance any previously recorded species Megaphyton 
and named honour the Rev. Peter Chalmers. 
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DIAGNOSIS 
Megaphyton Chalmersi sp. nov. 


Holotype.—Royal Scottish Museum, Edinburgh, No. 

Description.—Stem, preserved cast sandstone; long; 
cm. broad; cm. thick; transverse section rounded rectangular, 
Leaf scars mm. wide and mm. high; crescentic form with the 
concavity upwards; arranged two vertical opposite rows, the leaf 
scars one row alternating with those the other row; the vertical 
interval between scars row cm.; leaf trace U-shaped with the 
concavity towards the main axis; leaf bases markedly decurrent, 
extending some cm. below level attachment. Internal structure 
probably hollow cylindrical stele broken only the emission the 
leaf traces. 

Horizon.—Limestone Coal Group, between Mynheer Coal and 
Pittencrieff Blackband Ironstone. 

Locality.—Wallsend Pit, Elgin Colliery, near Dunfermline, Fife. 
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EXPLANATION PLATE 
Megaphyton Chalmersi sp. nov. 
Fic. 1.—Front surface showing vertical row three leaf scars. 0°6. 
Fic. 2.—Lateral surface showing leaf scars profile. 


Fic. 3.—Top surface showing transverse section stem and the uppermost 
scar the front surface. 
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Cross-folds 


ABSTRACT 


Many recent investigators report the presence cross-folds 
mountain chains. The common right angle relations between such 
folds and the main trends suggest that they are genetically allied. 
Following the original suggestion Argand, proposed that 
the superficial cross-folds are due basement control (passive 
segmentation), whereas those the deeper parts geosynclines 
have been brought into being the limitations space (active 
segmentation). 


INTRODUCTION 


ECENT geological literature (e.g. Sutton and Watson, 1953, 
Holmes and Reynolds, 1954, Fourmarier, 1953, King and 
Rast, 1955, Bassett, 1955) contains term cross-fold which seems 
not have been defined adequately. appears signify fold- 
trend appreciable angle the main trend any particular 
locality. instance, the Central Highlands Scotland, King 
and Rast (1955) recognized the and 
trends. curious feature many cross-folds the 
fact that they trend approximately right angles the main axial 
direction. The theories their origin can divided into two groups. 
Some suggest that each individual trend folding indicates 
independent orogeny least orogenic episode. Although 
first sight attractive, this explanation overlooks the fact that cross- 
folds are usually right angles the regional trend. 

Others (e.g. Engel 1949, King 1955, Cross 1955) have suggested 
that, least metamorphosed rocks geosynclinal belts, the main 
and the cross-fold trends are essentially simultaneous. Alpine geo- 
logists recognized this possibility long ago. 


ALPINE CROSS-FOLDS 


the Alps cross-folds are major importance, much that 
they bring about subdivision the mountain belt into well marked 
sections. indicate this subdivision Argand (1912) coined the 
term tectonic segmentation 

The fold-axes the nappes are approximately parallel the trend 
the mountain chain and the folds themselves are overturned towards 
the north and west. The nappe-front divided into number 
minor arcs, ten being identified Staub (1924, 22). Each these 
arcs marks the occurrence synclinal cross-fold, and the forward 
advance the nappes has been greatest along these transverse axes. 
Separating the synclinal cross-folds are anticlinal regions opposite 
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the Hercynian massifs. Alpine geologists employ the terms culmina- 
and indicate such anticlinal and synclinal 
regions respectively. The relationship between culminations and 
depressions best seen the French and Swiss Alps. 

explain such relations Argand (1912) suggested that there are 
two types tectonic segmentation, distinguishing them the terms 
active segmentation and passive segmentation considered 
orogenic movements the direct cause active segmentation 
but that passive segmentation was due epeirogenic movements 
which had brought about unevenness the foreland. The effect 
passive segmentation separate the Hercynian cores the western 
Alps, whereas that active segmentation produce the culmina- 
tions and depressions (cross-folding). Kober (1923, 258) attributes 
passive segmentation movements which followed closely upon the 
orogenic movements. Argand (1912, 346) argues against such 
hypothesis. thinks that although the Hercynian base- 
ment was irregular, thus giving rise segmentation, the active 
segmentation and the cross-folding were the same age. Further- 
more, Argand suggested that the positions the culminations and 
depressions vary with the tectonic level. 

Undoubtedly the influence passive-segmentation basement- 
control some importance. However, despite the strongly arcuate 
trend the Alpine belt, the culminations and depressions are every- 
where right angles the main trend the mountains. Such 
coincidence suggests that there fundamental relationship between 
the main and the cross-folding. This implication supported 
study folding the Grampian Highlands. 


CROSS-FOLDS THE GRAMPIAN HIGHLANDS 


the North-West Highlands Scotland cross-folding was first 
recognized Crampton (1913) the Moines Beinn Dronaig 
disagrees with this point view but Sutton and Watson (1954) 
suggest that Crampton was right. 

the North-West Highlands the controversy about the age relation- 
ship the various stratigraphical subdivisions the 
rocks has distracted attention from the cross-folding but farther south 
the Grampian Highlands the concept cross-folding can 
treated independently such controversies. For this purpose the 
ground between West Aberdeenshire and Kincardineshire the east 
and Central the west most suitable virtue its 
continuity. 

The main stratigraphical and structural relations the Central 
Highlands have been worked out Bailey and his co-workers, 
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who recognize the following features from south north (Text- 
fig. 
(i) The inverted belt Upper Dalradian rocks. 
(ii) The complex belt the Lower Dalradian rocks. 
(iii) The Central Highlands Granulites (Moinian). 


The junction between the Upper and the Lower Dalradian rocks 
represented Loch Tay Limestone, while the junction between the 
Lower Dalradian and the Moinian rocks slide. 

Recently the ground has been studied afresh King and Rast 
(1955), who report extensive belts cross-folding, both minor 
and major scale. Let consider first the right angle swing 
strike near Schiehallion mapped Rast (1955). Here, the roughly 
triangular tongue Dalradian interpreted large down- 
fold the Moine, whereas the adjacent strongly curved incursion 
the Moinian rocks large upfold overturned the west. The 
majority minor folds within the Dalradian tongue show south- 
south-easterly plunge. When the two major structures are traced 
southwards their effect wanes rapidly, giving place chequer- 
board pattern outcrops (see Bailey and McCallien 1937, pl. ID. 
There evidence that the N.N.W.-S.S.E. trending structures have 
attained their maximum altitude later than the main system folds 
which trends The effect the structure the 
Boundary Slide similar that the Alps, viz. that the northerly 
projections the Dalradian rocks are synclinal cross-folds and the 
southerly projections the Moinian cores are anticlinal cross-folds. 
The intensity cross-folding is, however, more pronounced than 
usually encountered the Alps. 

The Moine-Dalradian boundary the west and west-south-west 
Schiehallion shows two southwardly directed arcs the Moinian 
rocks separated north-westerly projection the Dalradian. 
These structures, from Schiehallion westwards, have been called the 
Bridge Gaur anticlinal cross-fold, the Ben Doirean synclinal cross- 
fold and the Glen Orchy anticlinal cross-fold respectively (Text-fig. 1). 
style they are more similar the major Alpine culminations and 
depressions than the overturned Schiehallion cross-folds. Again, 
minor folds which plunge south-south-eastwards have been detected 
south the Bridge Gaur. The Ben Doirean and the Glen Orchy 
cross-folds are very gentle structures and not appear associated 
with minor cross-folding N.W.-S.E. trend, though sporadic linea- 
tions such trend are present. 

the north-east Schiehallion the swing the strike south-west 
Tomintoul evidently corresponds major culmination, which 
can traced south-east far Tarfside. Professor King 
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suggests (personal communication) that similar culminations and 
depressions, though smaller scale, exist the neighbourhood 
Braemar (Text-fig. 1). 

The majority Scottish cross-folds seem later than the main 
Caledonoid folding, but there are minor cross-folds which are certainly 
simultaneous with the minor Caledonoid folds, sharing the same plane 
schistosity. This suggests that, although some cross-folding took 
place after the main Caledonoid folding, least over some interval 
time the main and the cross-folding were evolving simultaneously 
implying causal relationship. major Scottish cross- 
folds (culminations and depressions) unlike their Alpine counterparts, 
are not associated with any massifs and the similarity deformation 
Moinian and Dalradian rocks leaves doubt that the Moinian 
did not behave undulating foreland responsible for the cross- 
folding the Dalradian. other words, there passive segmenta- 
tion precede the active segmentation. Tromp (1937) following the 
experimental work Hungurer (1922) suggested that the Alpine cul- 
minations and depressions could explained terms fundamental 
mechanical properties material subjected compression. Further 
consideration Tromp’s suggestion follows. 


MECHANICAL CROSS-FOLDING 


Hungurer (1922) and Koenigsberger (1924) have pointed out that 
under conditions elastic instability, unilateral compression produces 
buckles which trend right angles each other. The main results 
their investigations have been stated Fairbairn (1949, pp. 88-89) 
and can summarized follows 


(i) The compression any limited planar sheet will produce 
cross-fold complementary the main fold. 

(ii) general the curvature the main fold smaller, i.e. the 
degree inflexion greater, than that cross-fold. 

(iii) The degree inflexion the cross-fold depends the ratio 
thickness width the sheet, being more considerable 
the relative thickness so. 


The obvious corollary these conclusions that, provided the 
initial elastic stage deformation reflects itself sufficiently terms 
tectonics, the thicker the fold-prism the more noticeable the cross- 
folding. Indeed the thick geosynclinal prisms which have suffered 
deformation reveal considerable culminations and depressions. 
depth, where the space relatively confined, the culminations probably 
act lines relative weakness into which the compressed plastic 
Material forcibly injected. was Argand (1915) who first pointed 
out that these phenomena—cross-folding—in all the quoted cases 
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resulted due forced adaptation nappes space too small 
contain them, the excess material being consumed the production 
Only such intimate dynamic relation between the 
main and the cross-folds can explain the right-angle relations between 
the two the Alps and the Highlands. 

Near Schiehallion, the Caledonoid schistosity re-folded, places 
resulting later cross-fold strain-slip. Such phenomenon could 
only explained consider the effect simultaneous cross- 
folding terms the evolution the fold systems. Following the 
experimental results Hungurer (1922) and Koenigsberger (1924), 
obvious that the initial sharp main-fold will have only relatively 
gentle flexure representing the cross-folding. probable that the 
sharper main-folding will develop cleavage and schistosity before the 
cross-undulations have achieved sufficient inflexion develop such 
axial planal structures. Thus, the cross-fold schistosity comes into 
existence only the end the period folding when the cross-folds 
achieve sufficient inflexion. While this case operates the regional 
scale, minor sharp cross-folds probably come into existence the 
early stages deformation well, since more significant disturbances 
could produced locally during any stage deformation. Such 
minor and local cross-folds have common axial-plane schistosity 
with the local main-folds. fact, not surprising that some 
localities minor cross-folds earlier than the minor folds parallel 
the main trend are found. 

Unfortunately, the problem confused the possibility multiple 
episodes re-folding. This the case Cowal (King and Rast 1956). 
such cases purely statistical study the folds inadequate 
there always possibility encountering cross-folds which had 
formed during separate episodes folding. this respect the problem 
oblique cross-folds deserves some attention. 


OBLIQUE CROSS-FOLDS 


general series successive orogenies affect area the 
tendency for their trends sub-parallel, having presumably all 
been conditioned the oldest trend. Such, for instance, the case 
North Wales where the Pre-Cambrian rocks Anglesey have the 
same trend the Palaeozoic rocks, the former having been deformed 
long before the deposition and the deformation the latter. Mr. 
Harpum (personal communication) informs that the Pre-Cambrian 
rocks East Africa (Uganda and Tanganyika) show very similar 
features. 

Sitter (1952) points out that the oblique cross-folding which 
observed the High-Atlas mountains very rare phenomenon. 
Judging the trends the two sets folds, tentatively suggests 
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that the earlier folds are Lower Oligocene age whereas the later 
ones are Middle Miocene. The oblique cross-folding the High-Atlas 
has had three different effects. 


(i) Two trends which cross each other oblique angles. 

(ii) Original anticlines the style encountered the Juras which 
are strongly broken faults, each small block moving 
independently. 

(iii) The centres the original folds remained unmoved, whereas 


the extremities were displaced and bent parallel the later 
(Middle Miocene) direction. 


the last two cases the earlier structures accommodate themselves 
the later deformation. Such accommodation are 
known associated even with the major right-angle cross-folds 
the Schiehallion area the Grampian Highlands. The proof that 
accommodation structures and the cross-folds are 
contemporaneous rests upon the fact that they show very similar 
tectonic style indicating the overall movement material from east 
west. Such contemporaneous oblique cross-folds are almost 
invariably associated with the right-angle cross-folds. 

Although some oblique cross-folds appear closely related 
the main folding, there are others which are undoubtedly independent 
though their degree obliquity generally small that they may 
escape notice altogether. For instance, such multiple sub-parallel 
episodes folding have been found Cummings and Shackleton 
(1955) the Glen Orchy region, where they had previously been 
missed Gilmour and (1954). Though isolated exposures 
may difficult differentiate such from the contemporaneous 
oblique cross-folds, regional studies the two can easily distin- 
guished, the distribution the independent oblique cross-folds 
not related the position the major right-angle cross-folds. 


other words they have regional distribution affecting wide areas 
the mountain chain. 


FURTHER DEDUCTIONS 


evident that the recent inferences and interpretations the 
conspicuous cross-folds the geosynclinal belts strongly imply that 
such folds are broadly simultaneous with the main ones. The result 
such cross-folding either segmentation the mountain chain 
(active segmentation Argand) or, where the deformation has been 
very intense, production noticeable L-shaped deflections strike. 
the British Caledonides sharp overturned cross-folds are only 
known from Scotland. Wales, where the main folds are almost 
symmetrical, the cross-folds (culminations) are evident only dome- 
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structures not always accompanied corresponding minor folds 
dome). towards the Welsh Border, 
addition the regional trend, cross-folds 
trend appear (see Bassett 1955). George (1955) has suggested that such 
cross-folds may the effect the basement. The fact that 
farther east the trends become dominant tends support this 
because here the thickness sediments reduced and the influence 
the basement evidently affects the distribution and local thickness 
the sediments well their tectonic features. this true 
have here example passive segmentation conceived 
Thus seems useful adopt Argand’s ideas passive and active 
segmentation and re-interpret them such way that passive 
segmentation brought about unevenness the underlying 
basement, affecting both the sedimentation and tectonics (e.g. British 
Carboniferous provinces), whereas active segmentation due 
fundamental relations between the thick prisms sediments, the 
impact orogenic forces and the availability space. 

Such distinction would imply that passive segmentation tends 
dominant where the sedimentary cover relatively thin and action 
the basement strongly felt (marginal geosynclinal areas). The 
effect active segmentation, the other hand, strong only where 
the sedimentary cover thick and the reaction the basement 
negligible, the deeper parts the orogenic belts. 
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REVIEWS 


THE METALLIFEROUS MINING REGION SOUTH-WEST ENGLAND. Memoir 
the Geological Survey Great Britain. with petro- 
graphical notes Paper boards, two volumes: Vol. 
pp. 1-508 vol. pp. Each volume illustrated and containing 
with key. Price guineas, complete. London: H.M. Stationary 


the outset must said that preparing this comprehensive work 
the metalliferous mining region South-West England, Mr. Dines has 
rendered great service those interested British metal mining and 
the geology ore-deposits. 

spite the fact that much the information contained the two 
volumes has already appeared print, this has never before been truly 
co-ordinated. Indeed, Mr. Collins the only other who has attempted 
such co-ordination during this century, and his book—Observations 
the West England Mining —which was published 1912, contains 
but fraction the information found the memoir under review. 
Whilst Mr. Collins devoted about 250 pages the regional geology 
South-West England, together with the formation and characteristics the 
ore-deposits occurring there, Mr. Dines, marked contrast, has dismissed 
these the nine pages Chapter Furthermore, this chapter also 
unsatisfactory that some extent truth has been sacrificed for the sake 
brevity, and numerous unsolved problems lode genesis have been largely 
ignored. However, Mr. Dines does give considerable prominence the 
characteristics primary zoning displayed Cornwall, and this 
hoped will much dispel the erroneous views this subject which 
have been perpetrated Europe and America. 

Chapter thirteen pages are devoted the characteristics, uses, and 
production the principal economic minerals South-West England, and 
these are followed extensive lists the mines and their outputs. This 
will appeal the mining economist and the student economic 

istory. 

For convenience description the region has been divided into fourteen 
districts, and the geological characteristics, etc. some 800 mines occurring 
these have been described the 714 pages Chapters and Naturally 
the quantity and accuracy available data concerning given mine often 
vary inversely with the time that has elapsed since the cessation operations, 
and this reflected these volumes but undoubtedly Mr. Dines has 
neglected little, any, the existing material and his descriptions are 
characterized degree accuracy which cannot excelled. 

Many the twenty-nine photographs the memoirs are little artistic, 
historic, geologic worth, and the value the work would have been 
enhanced had most these been omitted and the money thus saved used 
include further selection mine-sections and other diagrams the 
excellence the forty-one already incorporated the text. Seventeen 
uncoloured maps, contained pockets the ends the volumes, indicate 
the lodes and other major geologic features each mining district. These, 
together with the key maps, are great value and very easy read, primarily 
because the author has invariably employed suitable scale. 

The work adequately indexed and singularly free from printers’ and factual 
errors, and will the vade mecum all those interested the mines 
South-West.England for very long time. Mr. Dines congratulated 
the successful accomplishment gigantic task and deserving the 


appreciation all interested the British mining industry for the great 
service has rendered it. 


Observations the West England mining region. 
Vol. xiv the Transactions the Royal Geological Society Cornwall, 1912. 
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the hope many that increasing attention will paid the mineral 
potential the western counties, and and when likely mining areas are 
sought there, this memoir will undoubtedly point the way them. 


GEOLOGICAL HISTORY THE NETHERLANDS. Edited PANNEKOEK. 
pp. 147, with text-figures and plates. Government Printing and 
Publishing Office, The Hague, 1956. Price 14.80. 


This book intended explanatory volume the 200,000 geological 
map the Netherlands published the Royal Netherlands Geological and 
Mining Society. is, however, far more than this, for gives full attention 
the great volume information now available the sub-surface geology 
the country. effect handbook Dutch geology, the first 
published any language other than Dutch since 1913. 

Despite its title the book mainly palaeogeographical 
deductions are made with caution and precedence given ascertained facts. 
Most the book taken stage-by-stage account the stratigraphy. 
the end are sections tectonics and, surprisingly, igneous rocks (basic 
intrusions, probably Mesozoic Tertiary, found some boreholes). 

The story which emerges absorbing interest. From Carboniferous 
times onwards Holland has been generally subsiding area, that its 
sedimentary record remarkably complete. The subsidence has not been 
uniform basins have come and gone and have changed their positions, 
though always within framework certain persistent tectonic features such 
the Brabant Massif, the East Netherlands Triassic Massif, and the fault- 
zone which lies between the two. The latest part the story special 
interest, for many parts Holland are underlain sequence sediments 
with little interruption, from Tertiary times almost the 
present day. Much work has recently been done the microfaunas, pollen, 
and sedimentary minerals these beds and the later physiographic and 
climatic history Holland can now reconstructed great detail. There 
was little interference from ice-sheets only the Saale ice entered Holland 
and even that failed cover the whole country. result the non-glacial 
Pleistocene Holland now regarded standard succession for north- 
west Europe. The story does not end with the Pleistocene whole series 
Holocene events has been recognized, the last any importance being the 
“Post-Carolingian which started the tenth eleventh 
century A.D. 

book dealing with the geology whole country always 
welcomed and this one model its kind. admirably arranged, the 
English excellent, and the editing skilful disguise the fact that there 
are ten different authors. The text-figures are numerous and clear there are 
twenty-four photographs, ten which are aerial. Above all, though the book 
short and concise has been provided with full bibliographies. 


CORRESPONDENCE 


SUPPOSED UNCONFORMITIES THE OLD RED SANDSTONE 
WESTERN MORAY 


western Moray the Middle Old Red Sandstone reported rest 
unconformably gneisses the Moine Series and itself unconformably 
covered Upper Old Red Sandstone (Macgregor, 1948, 62). the 
south Forres the Upper Old Red Sandstone believed transgress the 
underlying Middle Old Red Sandstone and thereby come into direct 
contact with the Moine Gneisses (Horne, 1923, 16). Recent re-investiga- 
tion the critical exposures, however, has yielded evidence which does not 
accord with the existing interpretation. 

the authors’ knowledge the unconformity the base the Middle 
Old Red Sandstone exposed the district only Scurrypool Bridge 
the Altyre Burn some three miles south Forres. the most recent descrip- 
tion the stream section, Horne (1923, 75) states that the basal breccia 
the Middle Old Red Sandstone lies Moine gneisses, mention being 
made the attitude the unconformity. The writers observed that the 
surface unconformity irregular and has general dip least 50° 
Ten yards downstream the Middle Old Red Sandstone dips 
20° 355° N., the discordance the dips showing that the Middle Old 
Red Sandstone accumulated against steep slope Moine Gneiss. 

The base the Upper Old Red Sandstone reputed exposed 
the Muckle Burn, miles south-west Forres. From this locality Horne 
(1923, 80) described band brecciated conglomerate [fine conglomerate 
with sub-angular pebbles], feet thick inclined the north-west 
angle 7°. Its relations the Orcadian Series [Middle Old Red Sandstone] 
are not Horne regarded this conglomerate the basal member 
the Upper Old Red Sandstone succession. 

re-examination, was found that conglomerate only exposed the 
Muckle Burn this locality, where neither its upper nor its lower contact 
visible. There thus direct evidence that the conglomerate marks 
unconformity fact the basal bed the Upper Old Red Sandstone. 
the unpublished Geological Survey 6-in. maps (Elgin 10, 11, 15, and 16; 
Nairn and evidence recorded which would suggest that there 
any discordance between the Middle and Upper Old Red Sandstone. The 
Upper transgresses recognizable stratigraphic horizon the Middle Old 
Red Sandstone; the strikes bedding the two divisions are parallel; 
and, where dips are given, the lower series dips normally beneath the upper. 
The unconformable relationship the Middle the Upper Old Red Sand- 
stone western Moray (and eastern Nairn) must therefore regarded 
not proven. 

Horne (1923, 78) also described the contact relationships between the 
Upper Old Red Sandstone and the rocks the Moine Series Sluie, 
the River Findhorn miles south-south-west Forres, the only locality 
western Moray where these two formations are seen contact. notes 
that basal [sedimentary] breccia, containing angular fragments 
crystalline schists, embedded reddish matrix, let down small 
fault against the old floor, but seen resting the gneiss the walls 
the gorge [to the south the 

The writers have found that, Horne maintained, the contact between 
the Upper Old Red Sandstone and the Moine gneisses Sluie fault. 
trends 80° N., dips the north angles between 70° and 80°, truncates 
acid pegmatite the Upper Old Red Sandstone, and marked 
zone highly crushed rocks between feet and feet width. The Moine 
gneisses close the fault are strongly jointed, the dominant planes being 
parallel the fault. The joint surfaces are smoothed and striated 


a 
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numerous slickensides which plunge steeply the north. thin section 
the gneisses show brecciation, displacement along joints, intense secondary 
alteration some the original mineral constituents, and many veins 
filled either quartz calcite. 

The effects the fault, particularly the tough, crystalline Moine 
gneisses, are such severity that they indicate the presence major 
dislocation. Horne, however, considered that the Sluie fault was small 
throw (probably the order 100 feet) since claimed have observed 
patches basal Upper Old Red Sandstone the walls the Findhorn 
gorge immediately the south the fault. Careful re-examination the 
gorge for more than mile the south the fault period unusually 
low water failed reveal any such outlying patches. Locally, however, the 
Moine gneiss heavily red-stained solutions percolating downwards from 
the drift and specimen red-stained rock, superficially similar aspect 
Old Red Sandstone, was collected from the lip the gorge upstream 
from Sluie; close examination the patch was seen typical Moine 
gneiss, conclusion later confirmed microscopic inspection thin 
section. 

There thus evidence support Horne’s contention that the Upper 
Old Red Sandstone occurs immediately the south the Sluie fault, and 
his the small throw the fault consequently unjustified. 
Further, what evidence there strongly suggests that the Sluie fault 
likely dislocation some magnitude. 

the only known exposure the Upper Old Red 
junction within the area the fault junction Sluie, conjectured that 
its entire southern boundary, the south Forres, the Upper Old Red 
Sandstone faulted against the Moine Series. The trend the junction 
over its entire length three miles is, the available evidence, consistent 
with this interpretation. 

There thus evidence for the southwards transgression the Upper 
Old Red Sandstone the Moine gneisses nor there any direct evidence 
for the existence unconformity separating the Middle and Upper Old 
western Moray, nor indeed anywhere south the Moray 
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EROSION SURFACES UGANDA 


have read with great interest the paper Slope Form and 
Erosion Surfaces Uganda” Pallister which appeared your 
issue 1956. this refers the short published 
summary the work did the erosion surfaces Uganda (McConnell, 
1955) and argues that was wrong separating the Koki Surface from the 
Buganda Surface two separate cycles. This question which 
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investigated some detail interpretation differed from that 
predecessors, and would grateful, Sir, you would allow state 
views more fully. 

Erosion forms tropical climates differ many respects from those 
temperate zones, but fairly wide experience land forms Europe, 
America, and Africa has convinced that there are general rules which 
are universally applicable. particular, think that the notion the 
peneplain erosion surface well established and the extent these 
features can recognized, even dissected country, correlating well- 
marked bevels equivalent altitudes, provided that the distances involved 
not exceed the order one two miles. Uganda the presence 
thick laterite duricrust capping has rendered certain dissected surfaces very 
conspicuous, and these the Buganda and Koki Surfaces are outstanding, 
The remarkably flat and table-like appearance these surfaces should not, 
however, prejudice the recognition other levels which are without lateritic 
capping but which other lands would regarded convincing surfaces, 
Pallister has himself (loc. cit., 466) referred the absence the duricrust 
under certain conditions. 

The difference between Pallister’s views and own can well explained 
reference text-fig. (a) his paper (p. 468). Here presents the 
Koki Surface about 4,700 feet the neighbourhood Lyantonde, and 
the Buganda Surface about 4,300 4,400 feet near Masaka, about five 
miles distant the east, both with conspicuous laterite carapace”. 
summits about 4,400 feet. Lowered summits, represented rounded 
cones, are certainly present variety altitudes this area, but there 
are also flat-topped hills and bevelled ridges which mark the continuation 
the Buganda Surface altitude approximately 4,400 feet the west 
Masaka and right the base the scarp the Koki Hills. These 
bevels are not capped duricrust and are therefore not conspicuous 
those near Kampala, Masaka, and Lyantonde but are none the less easily 
recognized bevels. This area adjacent main road and have had 
the privilege pointing out these bevels the field such experienced 
geologists Dr. Dixey and Professor Kennedy, and they have 
agreed with interpretation. 

Bevels the type just described the fairly uniform altitude 4,400 
4,500 feet surround the Koki Hills three sides, and fact clearly enter 
embayments the Koki Surface. One such embayment was mapped 
Hatton below Nakisaja the Kabula area and, exceptionally, capped 
laterite carapace. The Koki Hills formed watershed during the 
Buganda Cycle and the valley-floor peneplains Buganda age which 
penetrate these hills slope sharply upwards with the usual concave parabolic 
curve and are recognizable altitudes 4,600 feet. 

postulating the equivalence the Buganda and Koki Surfaces Pallister 
invokes warping explain the difference altitude. Warping has certainly 
occurred Uganda, and paper (1955) had already pointed out the 
downwarping the Buganda Surface which quoted Pallister (p. 471). 
also consider that the Ankole Highlands, the south and west the 
Koki Hills, have been upwarped, and that here the Buganda and Koki 
Surfaces can recognized increased altitudes. The scarp between the 
Buganda and Koki Surfaces the south, east, and north the Koki Hills 
is, the bevels uncapped laterite are taken into consideration, too 
intricate ascribed warping. opinion the geomorphological 
relationships are here very different those prevailing the north 
Lake Victoria although Pallister compares them his text-fig. (p. 468). 

have not been able publish the photographs, diagrams, and maps 
which would illustrate the evidence which paper the erosion 
surfaces Uganda (1955) based, hope that this letter has clarified the 
reasons which made decide regard the Koki and Buganda Surfaces 
representing two distinct cycles. 


— 
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FLOW-MARKINGS AND LODE-CASTS 


recent paper one this Magazine was claimed that 
confusion has arisen around the terms flow-marking and load-cast 
and was proposed revive the term flow cast” Shrock for some 
structures which might have been described load These remarks 
have led correspondence between us, the outcome which 
compromise which may prove interest your readers. 

agree that the sole markings greywacke and sandstone beds may 
due variety causes, and these may operate combination 
acertain ambiguity nomenclature inevitable. the course deposition 
bed sand plastic mud surface, least five processes may occur; 
these 


(a) Grooving leading groove casts, long straight furrows filled the 
sand. 


The cutting lobate incisions into the mud surface, which incisions 
are subsequently filled sand. This process fluting, and the resulting 
cast structures are flute casts. agree with Crowell that this latter term 
preferable flow markings which might comprise other structures 
than those for which Rich introduced it. Flute casts will thus truncate the 
laminae below them, and within them the laminae will undisturbed, either 
horizontal current-bedded. 


(c) The horizontal movement the base bed sand during after 
its emplacement mobile substratum, combined with sinking and 
ploughing the latter. This might called flow, and the resulting 
structures flow casts. not certain that Shrock envisaged this process 
coining the term; though does cite Earp and Sorby who did invoke 
sediment flow, and his figures 117 and represent structures which 
appear have slid into position. clear that these structures the 
laminae below and above the cast surface will equally involved and that 
the structures must pulled over the direction flow. 

_As turbidity currents build their deposits gradually they not normally 
give rise viscous deposit flowing over and covering sea floor. Hence, 
flow casts are rare and restricted localities where post-depositional move- 
ment ensued. But some current drag occurs within sandy bed 
formed turbidity current. This does not usually leave visible record, 
except when superimposed other sole markings which then become 
asymmetrical the current direction. This may the origin the 
asymmetry the small features Walton (1956) has called flame structures 


(d) The vertical adjustment the basal material unequal loading. The 
telief the lower surface causes sink into the underlying mud which 


lower density. Part the structures described Shrock flow casts 
belong this class. 
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The most suitable name for these structures load deformation 
may affect both beds but essentially the vertical sense only; slumping 
can deduced from them, and current drag insignificant. 

(e) Differential compaction, stages later the history the rock, may 
produce bending the laminae below cast structure. The load cast may 
thus deformed Dzulynski and Radomski (1955, Fig. pointed out, 
flute cast may this way come resemble load cast the deformation 
the underlying laminae. was this sense that Prentice interpreted the 
figures given which the undisturbed lamination above the 
cast suggests flute cast rather than load cast. Kuenen claims that such 
structures might arise loading, insignificant irregularities the mud 
flow, and therefore agrees with Carozzi. 

combination flowing and loading has been invoked Macar and 
Antun (1950) explain their clear that both 
fluting and flowing will commonly associated with loading, that 
precise terminology for every structure will probably never possible. 

Many these structures are not confined greywacke sequences. Thus, 
the structures described Emery (1950) due the slow deposition 
sand marshland clay may compared with load casts. Dunes enroaching 
mobile deposits can act the same manner. Kryoturbation, which 
the mobile condition induced long after deposition permafrost and 
thaw, can also lead deformation load cast type; flow casts may also 
develop under these conditions result 

hoped that the terminology here suggested will prove satisfactory. 
Both authors are actively investigating these and related phenomena, and 
would welcome any comments from your readers. 
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The wrong paper was quoted the list references. should 
Carozzi, A., 1955. Nouvelles observations microscopiques sur les 
courants turbidité Malm nappe Morcles Haute-Savoie. 
Bull. Inst. Nat. Genevois, 57, 1-31. 
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PRIMARY ORIGIN THE LIMESTONE-SHALE RHYTHM 
THE BRITISH LOWER LIAS 


the Hettangian and lower Sinemurian Britain rhythmic 
succession more less uniformly alternating beds limestone and shale 
widely developed. The individual beds are commonly less than foot 
thick and since well into the last century the origin this rhythm has been 
dispute. has been maintained some that the rhythm primary, and 
caused differences sedimentation, and others that secondary, 
and due some form chemical segregation CaCO, after deposition. 
During detailed examination the Blue Lias Dorset, Glamorgan, and 
Somerset evidence has been obtained that the rhythm is, fact, primary 
origin. 

Amongst those who have favoured some form secondary origin for the 
rhythm four groups can distinguished. Day (1865) and Lang (1914) 
suggested that all the limestones and shales the Dorset Blue Lias had 
segregated some unspecified manner from originally homogeneous 
marl ooze. Woodward (1893) and Trueman (1922) distinguished between 
nodular limestones and limestones with regular surfaces; the former they 
considered secondary and the latter primary. Richardson (1923) attempted 
account for all the Lower Lias limestones Dorset theory large- 
scale rhythmic precipitation CaCO, post-Lower Lias time involving the 
downward migration calcareous solutions and drew comparison with 
layers flint the Chalk and with Liesegang rings. Shukri (1942) modified 
this idea slightly. Kent’s views (1936), applied the Blue Lias the 
Midlands, differed fundamentally from Richardson’s that regarded 
the limestones having formed successively, comparatively soon after 
deposition. Only Cox (1923) has claimed positively that the rhythm 
entirely primary. Thus, published opinion strongly favours the idea 
some sort secondary segregation and this was the interpretation accepted 
Arkell (1933). 

The following facts are considered support essentially primary origin 
for the Blue Lias 


(1) While the limestones and marls Dorset contain many horizons 
abundant and varied benthonic fauna, the interstratified paper shales are, 
for the most part, barren. Petrological investigations indicate that this 
original difference and related the fact that the shales were deposited 
under anaerobic conditions. 


(ii) Throughout the Blue Lias, especially Dorset, there occurs variety 
trace-fossils, including the U-shaped burrows worms and Chondrites 
structures recently investigated Simpson (1957). These are demonstrably 
due the piping down one variety sediment into another. Lang, 
his contribution the discussion Simpson’s paper, appreciated that 
the latter’s interpretation were accepted, would furnish clear proof 
original sedimentary rhythm. there still remains any doubt concerning 
the organic origin the mottled rocks which Simpson described, there can 
none about the U-shaped burrows. 


(iii) Certain the limestones are strikingly constant and may retain their 
thicknesses within inch for many miles. few beds, distinctive both 
lithologically and faunally, can recognized Dorset, Somerset, and 
Glamorgan. 

The question the nodule bands and continuous nodular limestones 
merits brief consideration. clear distinction discernible between these 
and most the regular limestones. cannot denied that there evidence 
some CaCO, segregation the nodular limestones but this may have 
taken place very soon after deposition and been based upon primary 
thythm the sediments. Only this extent are such limestones secondary. 
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